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Barnyard  Flies  Don't  Make  Good  Neighbors 


Nuisance  flies  from  dairy  farms  can 
cause  friction  between  farmer  and 
suburban  city  folk.  As  the  subdivisions 
move  into  farming  areas,  new  methods  of 
controlling  these  troublesome  insects 
have  to  be  developed. 

"House  flies  can  also  hurt  farmers 
because  milk  inspectors  will  not  grant 
'Grade  A'  milk  status  to  farms  with  too 
many  flies,"  says  ARS  animal  scientist 
Richard  W.  Miller. 

Unfortunately,  flies  have  become 
resistant  to  most  currently  used  insecti- 
cides. And  it  is  becoming  more  difficult 
and  expensive  for  companies  to  develop 
and  register  new  ones  with  the  U.S. 
Environmental  Protection  Agency. 

To  help  solve  this  problem,  ARS" 
Livestock  Insects  Laboratory  in 
Beltsville,  Maryland,  and  Cornell 
University's  Veterinary  Entomology 
Program  in  Ithaca,  New  York,  began  a 
cooperative  venture  on  agricultural  fly 
suppression  in  1986. 

"We  needed  an  environmentally  safe, 
practical,  affordable  fly-control  system 
for  farmers.  We  chose  a  combination  of 
parasitic  wasps,  good  sanitation,  and  a 
safe  insecticide  to  combat  the  flies.  In 
other  words,  integrated  pest  management, 
or  IPM,"  says  Miller. 

"House  flies  on  dairy  farms  were 
reduced  up  to  65  percent  under  the  3-year 
pilot  test  program  conducted  in  Maryland 
and  New  York." 

Four  farms  were  treated  in  Maryland 
plus  three  in  New  York.  Additionally, 
three  other  farms  in  each  state  served  as 
controls  for  comparative  purposes. 

Available  commercially,  Muscidifurax 


raptor  is  a  parasitic  wasp  that  preys  on 
flies.  It  lays  its  egg  in  the  fly  pupa.  The 
newly  hatched  wasp  feeds  on  the 
developing  fly  within.  After  the  adult 
wasps  emerge  from  the  dead  fly  pupae, 
they  mate  and  find  other  fly  pupae  to  lay 
their  eggs  in,  repeating  the  cycle. 

Between  20,000  and  25,000  wasp- 
parasitized  house  fly  pupae  were  released 
per  farm  per  week  in  fly  breeding  areas. 
"Releases  were  made  once  a  week 
because  the  flies  breed  so  fast,  they 
would  soon  outbreed  the  wasps,"  says 
Donald  A.  Rutz  of  Cornell  University. 
Releases  were  started  early  in  the  summer 
so  that  the  flies  wouldn't  get  a  head  start 
on  the  wasps. 

Since  many  flies  develop  in  calf 
bedding  during  the  summer,  cleaning  out 
the  pens  once  a  week  was  an  important 
component  of  the  tests. 

Pyrethrin,  an  environmentally  safe 
insecticide,  was  used  infrequently  as  a 
space  spray — when  the  farmers  thought 
the  flies  were  getting  ahead  of  the  other 
control  methods. 

"Insecticide  use  on  the  IPM  farms  was 
reduced  by  80  percent  compared  with 
those  that  were  conventionally  managed. 
In  spite  of  reduced  insecticide  use,  fly- 
populations  on  the  IPM  farms  were  less 
than  half  those  on  conventionally  managed 
farms,"  says  entomologist  Christopher  J. 
Geden,  also  of  Cornell. 


Richard  W.  Miller  is  at  the  USDA-ARS 
Livestock  Insects  Laboratory,  10300 
Baltimore  Ave.,  Beltsville,  MD  20705- 
2350.  Phone  (301)  504-8478.    ♦ 
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Insecticides  May  Be  Derived  From  Fungus-Infected 
Grass 


Natural  insecticides  that  kill  aphids  have  been  found  in  fungus-infected  tall  fescue  grass,  U.S.  Department  of 
Agriculture  scientists  report. 

Chemists  Richard  J.  Petroski  and  Richard  G.  Powell  of  USDA's  Agricultural  Research  Service  said  the  compounds, 
called  "N-acyl  loline"  derivatives  or  lolines,  offer  potential  as  environmentally-friendly  insecticides  against  aphids 
and  other  pests  in  gardens  and  houseplants. 

Working  at  the  National  Center  for  Agricultural  Utilization  Research  at  Peoria,  111.,  the  scientists  extracted  the 
compounds  from  tall  fescue  infected  with  the  fungus  "Acremonium  coenophialum."  Then  ARS  collaborators  at  the 
Northern  Grain  Insects  Research  Laboratory,  Brookings,  S.D.,  sprayed  solutions  of  the  compounds  on  barley  plants 
infested  with  greenbug  aphids. 

Powell  said  these  greenhouse  tests  showed  five  of  the  compounds  were  nearly  as  effective  at  killing  the  aphids  as 
nicotine  sulfate,  a  home  and  garden  insecticide  popular  before  modern  synthetic  insecticides  became  available. 

"We  used  various  concentrations  of  the  different  compounds  and  achieved  a  variety  of  results,"  said  Powell.  "As 
an  example,  a  0.05  percent  solution  of  N-acetyl  loline  in  water  sprayed  on  plants  killed  50  percent  of  the  aphids." 

Lolines  would  be  fairly  expensive  to  extract  from  plants  because  they  generally  are  found  in  low  concentrations.  A 
biotechnology  technique  may  make  it  possible  to  produce  lolines  at  a  lower  cost  in  the  future,  Petroski  said. 

He  and  Powell  discovered  the  compounds  during  research  on  ways  to  prevent  tall  fescue  grass  from  interfering  with 
cattle's  ability  to  gain  weight  when  grazing  on  the  grass.  CatUe  often  lose  weight  and  may  even  become  lame 
when  they  eat  forage  infected  with  Acremonium  coenophialum. 

This  fungus  causes  tall  fescue  to  make  lolines  and  other  compounds,  perhaps  to  protect  the  fescue  against  pests, 
says  Petroski.  Lolines  in  plant  leaves  and  stems  may  deter  sucking  insects  such  as  aphids.  But  the  compounds 
proved  to  be  fatal  when  sprayed  on  and  absorbed  by  the  aphids. 

Powell  and  Petroski  have  applied  for  a  patent.  At  least  one  company  reportedly  has  shown  interest  in  the  research. 
As  with  all  new  pest  control  agents,  further  studies  on  the  safety  of  long-term  use  would  be  required  before  a 
commercial  product  would  be  approved  by  the  Environmental  Protection  Agency. 

FOR  ADDITIONAL  INFORMATION:  Contact  for  details  Richard  J.  Petroski  and  Richard  G.  Powell,  USDA, 
National  Center  for  Agricultural  Utilization  Research  Service,  Agricultural  Research,  Peoria,  111.  61604;  (309)  685- 
4011. 
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A  New  Way  to  Grow  Tomatoes 


A  new  way  of  growing  tomatoes  bears  good  news  for 
both  growers  and  the  environment. 

"Plant  mulches  are  the  key  to  our  success,"  says  Aref  A. 
Abdul-Baki,  a  plant  physiologist  with  USDA's 
Agricultural  Research  Service.  "We  used  hairy  vetch 
instead  of  the  traditional  black  polyethylene  mulch  in  two 
separate  tomato  plantings  this  year.  We  got  some 
amazing  results." 

Hairy  vetch  mulching  increased  yield  by  about  138 
percent  and  reduced  insect  infestation  to  the  point  where 
it  was  hardly  a  problem,  Abdul-Baki  says.  An  added 
bonus:  No  tillage  and  less  fertilizer,  herbicides,  and 
pesticides. 

Unlike  plastic,  plant  mulches  add  organic  matter  to  the 
soil  and  increase  its  water-holding  capacity.  Also,  vetch 
is  legume  that  adds  nitrogen,  thereby  reducing  the 
amount  of  fertilizer  needed. 

He  says  that  growers  typically  use  black  plastic  mulch  to 
improve  yield  and  to  promote  early  crop  maturity. 
However,  polyethylene  material  doesn't  degrade,  so  it 
must  be  removed  and  disposed  of  each  season  -  an 
expensive,  labor-intensive  practice  and  one  more  problem 
for  landfills. 

Tomato  plants  growing  in  vetch  plots  were  greener  and 
bigger  than  plants  in  plots  where  plastic,  paper,  or  no 
mulches  were  used. 

Yields  from  plants  grown  under  the  vetch  mulch 
averaged  more  than  45  tons  per  acre,  trailed  by  35  tons 
for  plastic  mulch  and  34  tons  for  paper.  Control  plots 
with  no  mulch  at  all  averaged  19  tons  per  acre. 

Last  fall  in  experimental  tomato  field  plots  at  the  ARS 
Vegetable  Laboratory  in  Beltsville,  Maryland,  Abdul- 
Baki  and  colleague  John  Teasdale  planted  hairy  vetch,  a 
fairly  common  legume  used  as  ground  cover,  on  prepared 
beds.  They  mowed  the  vetch  to  about  an  inch  high  in  the 
spring,  then  immediately  planted  tomatoes  in  the  plots 
without  turning  up  the  soil  or  disturbing  it  at  all. 


SCOTT    B4UCR 


f'iaui  physiologist  Aref  Abdul-Baki  evaluates  vetch  mi 

effectiveness  in  reducing  soil  temperature  and  water  loss.  (K-4175-13i 


"Immediately  after  planting,  it  was  hard  to  distinguish  the 
green  tomato  plants  form  the  cuttings  of  freshly  mown 
vetch,"  says  Abdul-Baki.  But  within  a  few  days  the 
cuttings  dried,  forming  a  heavy,  brown  matted  covering. 

"This  matted  residue  suppressed  early-season  weeds, 
eliminating  the  need  for  preplant  herbicides,"  adds 
Teasdale,  a  plant  physiologist  in  the  ARS  Weed  Science 
Laboratory  at  Beltsville.  A  chemical  was  used  only  for 
those  weeds  that  emerged  later  in  the  season. 

Weeds  were  stifled  by  other  mulches,  but  paper  mulch 
didn't  allow  much  water  to  pass  through  to  aid  the  plants. 
However,  unlike  plastic,  it  prevents  heat  buildup  under 
the  mulch. 

As  for  insects,  Abdul-Baki  says,  "A  surprise  was  the 
absence  of  Colorado  potato  beetles."  This  reduced  the 
amount  of  pesticides  needed.  The  Colorado  potato  beetle 
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is  a  major  problem  for  tomatoes  during  the  first  month 
after  field  planting. 

Infestation  by  the  beede  was  severe  in  adjacent  plots 
where  plastic  and  paper  mulches  were  used. 

Abdul-Baki  plans  to  pull  up  the  test  tomato  plants,  roots 
and  all,  at  the  end  of  the  growing  season,  and  remove 
them  from  the  field  for  mulching  and  recycling.  The 
beds  will  not  be  disturbed. 

He  will  reseed  with  hairy  vetch  in  the  fall,  mow  in  the 


spring,  and  transplant  tomatoes  without  tillage. 

Once  the  technique  is  refined,  Abdul-Baki  thinks  it  might 
work  for  other  vegetable  crops. 


FOR  ADDITIONAL  INFORMATION:  Aref  A.  Abdul- 
Baki  is  at  the  USDA-ARS  Vegetable  Laboratory.  Phone 
(301)  344-1729.  John  Teasdale  is  at  the  USDA-ARS 
Weed  Science  Laboratory.  Phone  (301)  344-3504.  Both 
labs  are  at  the  Beltsville  Agricultural  Research  Center, 
10300  Baltimore  Ave.,  Beltsville,  MD  20705-2350. 


IMASATech  Brief 

National  Aeronautics  and 
Space  Administration 

John  F  Kennedy  Space  Center,  Florida 


Licensing 
Opportunity 


Tubular  Membrane  Plant-Growth  Unit 

A  hydroponic  system  controls  nutrient  solution  for  growing  crops  in  space. 


This  system  controls  plant-nutrient-solu- 
tion  delivery  to  the  roots  of  plants  for  the 
purpose  of  supporting  plant  growth  in  the 
microgravity  of  space.  Initial  tests  have 
shown  that  a  numPer  of  crop  plants  such 
as  wheat,  rice,  lettuce,  tomatoes,  soy- 
Peans,  and  beans  can  be  grown  suc- 
cessfully with  this  system. 

The  initial  design  of  the  system  includes 
a  porous  tube  of  plastic  canvas  surround- 
ed by  a  hydrophilic  porous  membrane  and 
an  outer  shell  of  polyvinyl  chloride  (PVC) 
pipe.  In  later  designs,  the  porous  mem- 
brane and  plastic  canvas  tube  are  replaced 
with  a  rigid  hydrophilic,  porous  polyethyl- 
ene or  ceramic  tube.  Nutrient  solution 
flows  through  the  porous  tube  under  a 
slight  negative  gauge  pressure  (suction). 
The  surface  tension  of  the  solution  pre- 
vents it  from  flowing  freely  out  of  the  mem- 
brane and  prevents  air  from  entering. 

The  plants  grow  in  an  axial  slot  in  the 
PVC  pipe,  drawing  solution  from  the  tube 
by  capillary  attraction  to  the  roots  in  con- 
tact with  the  porous  membrane  (see  fig- 
ure). The  PVC  pipe  shades  and  protects 
the  roots.  Standard  PVC  plumbing  fittings 
join  the  inner  porous  tube  to  a  supply  tank 
and  pump. 

The  membrane  is  made  of  a  hydrophilic 
acrylic  copolymer  cast  over  a  nylon  sub- 
strate, which  gives  it  strength.  It  contains 
pores  0.2  to  0.45  fim  wide.  The  sheet  of 
membrane  is  folded  and  stitched  into  a 
tube  slightly  narrower  than  the  PVC  pipe 
(which  is  1  V*  in.  (3.2  cm)  in  diameter).  The 
seam  is  sealed  with  a  hot-melt  adhesive. 


A  Pump  Draws  Nutri- 
ent Solution  along  the 

inside  of  the  tubular 
membrane  in  the  pipe 
from  a  reservoir,  main- 
taining  a  negative 
pressure  in  the  pipe. 
Roots  of  plants  in  the 
slot  extract  nutrient 
through  the  membrane 
within  the  pipe. 


To  make  the  tube  of  plastic  canvas  that 
supports  the  membrane,  a  3-in.-  (7.6-cm)- 
wide  strip  of  the  canvas  is  rolled  around 
its  long  axis  and  inserted  in  the  membrane 
tube.  This  assembly  is  inserted  into  the 
PVC  pipe,  in  which  a  slot,  5/4  in.  (0.8  cm) 
wide,  has  been  cut. 

Seeds  are  placed  in  the  slot  to  germi- 
nate normally.  Their  roots  grow  along  and 
around  the  membrane  tube. 

This  work  was  done  by  Thomas  W. 
Dreschel  of  The  Bionetics  Corp.  for 
Kennedy  Space  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 


be  addressed  to  the  Patent  Counsel, 
Kennedy  Space  Center.  Refer  to 
KSC-11375/TN. 

John  F.  Kennedy 
Space  Center 

Technology  Utilization 

Officer:  Thomas  M  Hammond 

Mail  Stop  PT-PMO-A 

Kennedy  Space 

Center,  FL  32899 

(407)  867-3017 

Patent  Counsel: 

Bill  Sheehan 

Mail  Code  PT-PAT 

Kennedy  Space 

Center,  FL  32899 

(407)  867-2544 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Checking  Honey  Bee  Productivity 


A  sensitive  electronic  scale  that 
automatically  weighs  bee  hives  every 
15  minutes  day  and  night  is  giving 
scientists  in  Tucson,  Arizona,  a  better 
understanding  of  the  hard-working 
honey  bee. 

Readings  from  the  scale  indirectly 
measure  such  things  as  number  of 
insects  foraging  at  different  times  of  the 
day  and  when  the  bees  brought  back  the 
most  nectar  and  pollen. 

Rapid  weight  loss  of  a  hive  can 
mean  pesticides  have  killed  foraging 
bees  or  that  the  queen  is  dead.  The 
sooner  a  beekeeper  learns  of  these 
conditions,  the  sooner  the  hive  can  be 
brought  back  to  health. 

Consistent  gains  indicate  bees  are 
doing  their  job — collecting  nectar  for 
honey  production  and  more  importantly 
for  U.S.  agriculture,  pollinating  up  to 
$10  billion  worth  of  crops  annually. 

Agricultural  Research  Service 
entomologist  Stephen  L.  Buchmann  has 
recorded  hive  weight  changes  for  2  years 
in  the  Sonoran  Desert  near  the  Carl 
Hayden  Bee  Research  Center  in  Tucson. 

This  is  the  first  time  an  electronic 
scale — accurate  to  within  0.035 
ounces — has  been  connected  to  a 
personal  computer  programmed  to  take 
readings  every  15  minutes.  Previously, 
researchers  and  beekeepers  had  to  move 
the  1 50-pound  hives  onto  a  portable 
scale  and  manually  record  hive  weights. 


. 

Because  of  the  required  labor  and  time, 
hives  were  weighed  weekly. 

"We  can  tell  how  many  bees  are  in 
the  hive  by  analyzing  changes  in  the 
hive's  weight.  For  example,  if  we 
didn't  know  how  many  10-pound  bricks 
were  in  a  wrapped  box,  we  could  put 
the  unopened  box  on  a  scale.  If  it 
weighed  50  pounds,  we'd  know  there 
were  5  bricks  inside.  Our  technique  is 
similar  except  it's  far  more  sensitive. 
We  can  detect  the  departure  of  as  few 
as  8  to  10  foraging  bees  from  a  hive," 
says  Buchmann. 

"So  far,  our  most  interesting 
discovery  with  the  electronic  hive  has 
been  the  speed  with  which  foraging 
worker  bees  recruit  others  to  visit  the 
most  productive  plants,"  says 
Buchmann. 

"Bees  are  very  efficient  social  insects. 
They  communicate  with  dances  and  wing 
sounds  to  tell  one  another  about  the  best 
pollen  source  within  a  30-square-mile  area. 

"We  used  to  think  it  took  them  2  to  3 
days  to  shift  to  a  better  pollen  source.  Our 
electronic  hive  showed  us  they  can 
communicate  and  recruit  most  of  the  hive 
in  about  a  day  and  sometimes  in  just  1 
hour." 

Stephen  L.  Buchmann  is  at  the  USDA- 
ARS  Carl  Hayden  Bee  Research  Labora- 
tory, 2000  East  Allen  Rd.,  Tucson,  AZ 
85719.  Phone  (602)  670-6380.    ♦ 


• 
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041 8    Object-Oriented  Algorithm  for  Evaluation  of  Fault  Trees — An  algorithm 
reduces  the  number  of  calls  needed  to  solve  trees  with  repeated  events. 


Software 

0419  Automate  Interactive  Programs 

0420  C  Language  Integrated  Production  System,  Ada  Version — Ada  is  used 
as  the  source  language. 

0421  Neural-Network  Simulator— The  F77NNS  program  implements  a  back- 
propagation  algorithm. 

Other  Items  of  Interest 

0473    Final-Approach-Spacing  Subsystem  for  Air  Traffic — An  automation 
subsystem  gives  air-traffic  controllers  choices  of  assistance  and 
information. 


• 


♦ 


fWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Ames  Research  Center,  Moffett  Field,  California 


Object-Oriented  Algorithm  for  Evaluation  of  Fault  Trees 

An  algorithm  reduces  the  number  of  calls  needed  to  solve  trees  with  repeated  events. 


An  algorithm  for  the  direct  evaluation  of 
fault  trees  incorporates  techniques  of  ob- 
ject-oriented programming.  Fault  trees  rep- 
resent interactions  among  the  parts  of 
complicated  systems,  and  software  tech- 
niques used  to  represent  them  must  be 
capable  of  capturing  complete  information 
about  the  systems.  The  algorithm  provides 
a  significantly  improved  software  environ- 
ment for  such  computations  as  quantita- 
tive analyses  of  the  safety  and  reliability 
of  complicated  systems  of  equipment  (e.g., 
spacecraft  or  factories). 

Object-oriented  programming  tech- 
niques are  widely  used  in  writing  software 
for  expert  systems  (artificial  intelligence), 
graphics,  system  programming,  the  man- 
agement of  data,  and  other  demanding  ap- 
plications Object-oriented  programming 
includes  powerful  features  that  enable  the 
encapsulation  of  modules  of  code  and  pro- 
vide a  unique  software  feature  called  "in- 
heritance." These  features  are  particular- 
ly useful  in  the  development  of  software 
for  the  evaluation  of  fault  trees. 

The  object-oriented  algorithm  for  the 
evaluation  of  fault  trees  and  the  associated 
computer  program  were  developed  on  a 
Texas  Instruments  Explorer  LISP  worksta- 
tion. The  program,  which  directly  evaluates 
system  fault  trees,  utilizes  the  object-orient- 
ed extension  to  LISP  called  Flavors  that  is 
available  on  the  Explorer.  The  object  repre- 
sentation of  a  fault  tree  facilitates  the  stor- 
age and  retrieval  of  information  associated 
with  each  event  in  the  tree,  including  in- 
formation on  the  structure  of  the  tree  and 
intermediate  results  obtained  during  the 
tree-reduction  process.  Reliability  data  as- 
sociated with  each  basic  event  are  stored 
in  the  fault-tree  objects.  The  object-orient- 
ed environment  on  the  Explorer  also  in- 


ThisFauli  Tree,  rep- 
resented by  AND  and 
OR  gates,  contains 
15  basic  events, 
each  of  7  of  which  is 
repeated  at  one  other 
location. 


eludes  a  graphical  tree  editor  that  was 
modified  to  display  and  edit  the  fault  trees. 
The  evaluation  of  the  fault  tree  is  per- 
formed by  use  of  a  combination  of  stand- 
ard fault-tree-reduction  procedures.  A  bot- 
tom-up procedure  is  used  for  subtrees  that 
do  not  contain  repeated  events,  and  a  top- 
down,  recursive  procedure  is  used  to  eval- 
uate subtrees  that  do  contain  repeated 
events  (see  figure).  The  tree  is  dynamically 
modularized  according  to  the  event  being 
evaluated  at  the  time.  The  locations  of  re- 
peated events  are  propagated  up  the  tree 
and  stored  in  each  event  object.  This  in- 
formation is  used  to  determine  which 
evaluation  procedure  is  required  for  each 


event,  and  intermediate  results  are  stored 
as  they  are  calculated.  Unlike  most  con- 
ventional fault-tree-evaluation  codes, 
which  calculate  the  probability  of  occur- 
rence of  the  top  event  only,  this  program 
produces  results  for  every  event  in  the  fault 
tree.  The  object-oriented  approach  to  fault- 
tree  reduction  greatly  increases  the  effi- 
ciency of  the  evaluation  algorithms. 

This  work  was  done  by  FA.  Patterson- 
Hine  of  Ames  Research  Center  and 
B.V.  Koen  of  the  University  of  Texas  at 
Austin.  ARC-12731/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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NIST  Technology  Update     C§S% 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


• 


Automate  Interactive  Programs 


Expect,  a  software  tool  for  automating 
interactive  computer  programs  is  avail- 
able on  request  from  the  National  Insti- 
tute of  Standards  (NIST).  It  was  origi- 
nally designed  as  a  macro-like  software 
tool  used  to  log-in  to  NIST's  research 
computers.  It  runs  on  Unix  systems  but 
can  also  control  non-Unix  computers 
and  networks. 

NIST  scientist  Don  Libes,  creator  of 
Expect,  says  the  software  uses  a  script, 
much  like  a  movie  script,  to  simulate  a 
human  interacting  with  a  computer.  An 


important  difference  is  that,  unlike  movie 
scripts,  an  Expert  script  can  outline 
alternatives  and  then  react  differently 
as  it  adapts  to  a  given  situation.  Expect 
has  been  used  to  both  control  factory 
machinery  and  to  have  a  computer  call 
engineers  at  home  so  they  can  tap  into  a 
network. 

For  more  information,  contact  Mr.  Don 
Libes,  All  7 Metrology  Building,  NIST, 
Gaithersburg,  MD  20899. 


♦ 
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C  Language  Integrated 
Production  System, 
Ada  Version 

Ada  is  used  as 

the  source  language. 

The  C  Language  Integrated  Production 
System,  CLIPS,  is  a  software  shell  for  the 
development  of  expert-system  computer 
programs.  It  is  designed  to  enable  re- 
search on,  and  the  development  and  de- 
livery of.  artificial-intelligence  software  by 
use  of  conventional  computers.  The  pri- 
mary design  goals  for  CLIPS  are  portabili- 
ty, efficiency,  and  functionality.  CLIPS/ Ada 
provides  the  capabilities  of  CLIPS  v4.3  but 
uses  Ada  as  the  source  language  for  the 
CLIPS  executable  code. 

CLIPS/ Ada  implements  a  forward-chain- 
ing rule-based  language.  The  program  con- 
tains an  inference  engine  and  a  language 
syntax  that  provide  a  framework  for  the 
construction  of  an  expert-system  program. 
It  also  includes  features  for  debugging  an 
application  program.  CLIPS/Ada  is  based 
on  the  Rete  algorithm,  developed  by  C. 


L.  Forgy,  which  provides  a  very  efficient 
method  for  performing  repeated  match- 
ing of  patterns. 

A  CLIPS  program  consists  of  facts  and 
rules  called  productions.  The  collection  of 
conditions  and  actions  to  be  taken  if  the 
conditions  are  met  is  constructed  into  a 
rule  network  called  a  production  system. 
As  facts  are  asserted  either  prior  to  or  dur- 
ing a  session,  CLIPS/Ada  matches  pat- 
terns in  a  number  of  fields.  Wild  cards  and 
variables  are  supported  for  both  single  and 
multiple  fields.  CLIPS/Ada  allows  the  in- 
clusion of  subprograms  defined  by  the 
user  (outside  functions  that  may  be  writ- 
ten in  a  language  other  than  Ada).  CLIPS/ 
Ada  itself  can  be  embedded  in  an  Ada 
program  such  that  the  expert  system  is 
available  as  a  simple  subroutine  call. 

The  CLIPS/Ada  program  is  written  in 
Ada  for  interactive  execution  and  should 
work  on  any  workstation-class  or  larger 
computer  with  a  validated  Ada  compiler. 
The  program  has  also  been  compiled  on 
a  386-based  personal  computer  with  4  MB 
of  random-access  memory  and  the  Alsys 
v4.3-1  Ada  compiler.  The  standard  distribu- 


tion medium  contains  only  the  archived 
source  code  and  the  program  to  uncom- 
press it.  The  documentation  consists  of  the 
Advance  Programming  Guide  and  the 
Architecture  Manual.  Beginning  users  of 
CLIPS  should  purchase  the  C-language 
CLIPS  v4.3  documentation  (MSC-21208) 
separately  for  the  User's  Guide  (a  tutorial) 
and  the  complete  Reference  Manual. 
CLIPS  was  developed  in  1986,  and  Version 
4.3  was  released  in  June  of  1989.  CLIPS/ 
Ada  was  released  in  August  of  1990. 

This  program  was  written  by  Chris 
Culbert,  Gary  Riley,  and  Robert  T.  Savely 
of  Johnson  Space  Center,  Clovis  J. 
Melebeck,  Wesley  A.  White,  Terry  L 
McGregor,  and  Melisa  Ferguson  of 
Barrios  Technology  Inc.,  and  Reza 
Razavipour  of  Computer  Sciences  Corp. 
MSC-21825/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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Neural-Network  Simulator 

The  F77NNS  program 
implements  a  back- 
propagation  algorithm. 

The  F77NNS  (A  FORTRAN-77  Neural 
Network  Simulator)  computer  program  sim- 
ulates the  popular  back-error-propagation 
neural  network.  Written  in  ANSI-77  FOR- 
TRAN, F77NNS  is  designed  to  take  advan- 
tage of  vectorization  when  used  on  com- 
puters that  have  this  capability,  but  it  can 
also  be  used  on  any  computer  equipped 
with  an  ANSI-77  FORTRAN  Compiler.  Prob- 
lems that  involve  the  matching  of  patterns 
or  the  mathematical  modeling  of  systems 
readily  fit  the  class  of  problems  that 
F77NNS  is  designed  to  solve. 

An  artificial  neural  network  is  formed 
from  hundreds  or  thousands  of  simulated 
neurons  connected  to  each  other  in  a 
manner  similar  to  that  of  biological  nerve 
cells.  Typically,  the  nodes  of  a  network  are 
grouped  together  into  clumps  called  lay- 


ers. A  typical  network  includes  an  input 
layer  through  which  the  various  environ- 
mental stimuli  are  presented  to  it,  and  an 
output  layer  that  determines  the  response 
to  the  stimuli.  The  number  of  nodes  in 
these  two  layers  is  usually  tied  to  features 
of  the  problem  being  solved.  Other  layers, 
which  form  intermediate  stops  between 
the  input  and  output  layers,  are  called  hid- 
den layers. 

The  program  trains  a  neural  network  by 
use  of  Rumelhart's  back-propagation  al- 
gorithm. The  back-propagation  training  al- 
gorithm can  require  massive  computa- 
tional resources  when  applied  to  a  large 
network  like  one  capable  of  learning  text- 
to-phoneme  pronunciation  rules  as  in  the 
famous  Sehnowski  experiment.  (The 
Sehnowski  neural  network  learns  to  pro- 
nounce 1,000  common  English  words.) 
The  standard  input  data  define  the  specific 
inputs  that  control  the  type  of  run  to  be 
made,  and  input  files  define  the  neural  net- 
work in  terms  of  the  layers  and  nodes,  as 
well  as  the  input/output  (I/O)  pairs. 


The  program  has  a  restart  capability  so 
that  a  neural  network  can  be  solved  in 
stages  suitable  to  the  user's  resources  and 
desires.  F77NNS  enables  the  user  to  cus- 
tomize the  patterns  of  connections  be- 
tween layers  of  a  network.  The  size  of  the 
neural  network  to  which  F77NNS  can  be 
applied  is  limited  only  by  the  amount  of 
random-access  memory  available  to  the 
user.  The  program  has  a  memory  require- 
ment of  about  900  KB  and  was  developed 
in  1989. 

This  program  was  written  by  Paul  H. 
Mitchell  of  Johnson  Space  Center. 
MSC-21638/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
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Electrotechnology 


0422  Chip  Gives  More  Speed 

0423  TRL  Modified 

0424  Superconducting  Wire  Offers  Increased  Flexibility — Teaming  with 
industry  leads  to  new  technology 

0425  Differential  Current  Source — Effects  of  common-mode  voltage  are 
suppressed. 

0426  FET's  Perform  Well  at  Cryogenic  Temperatures — Transistors  are 
designed  for  superior  performance  at  low  temperatures. 

0427  50  Mb/s,  220-mW  Laser-Array  Transmitter — Injection  locking  produces  a 
single-wavelength,  diffraction-limited,  single-lobe  beam. 

0428  Regenerative  Snubber  for  GTO-Commutated  SCR  Inverter — Loss  of 
power  would  be  reduced. 

Testing  &  Instrumentation 

0429  Sandia  Assembly  Test  Chip  Chosen  as  Qualifying  Standard 

0430  Eliminating  Deadbands  in  Resistive  Angle  Sensors — Output  would  be 
continuous  throughout  a  complete  rotation. 

0431  Laser  Scanner  Tests  for  Single-Event  Upsets — Irradiation  by  laser  is 
substituted  for  the  more-expensive  irradiation  by  energetic  heavy  ions. 

0432  Measuring  Effects  of  Lightning  on  Power  and  Telephone  Lines — A 
spherical  antenna  senses  both  horizontal  and  vertical  fields 
simultaneously. 
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Chip  Gives  More  Speed 


The  Naval  Avionics  Center 
(NAC),  Indianapolis,  Indiana,  has 
developed  a  list  processing 
coprocessor,  referred  to  as  the  List 
Chip.  The  chip  provides  a  fast, 
low-cost  method  for  a  16-bit 
microprocessor  to  perform  list 
processing  functions  in  hardware. 
Without  the  use  of  this  chip, 
generic  16-bit  microprocessors 
have  to  perform  list  processing  in 
software  In  benchmark  tests,  the 
List  Chip  displayed  a  24  times 
speed  improvement  over  the  best 
software  implementation  of  list 
processing  functions. 

The  List  Chip  is  easily  adapted 
to  the  requirements  of  the  user.  By 
programming  the  internal  reg- 


isters, the  List  Chip  is  configured 
to  a  particular  list  structure.  The 
interface  to  the  host  microproces- 
sor is  a  dual-port  memory,  which 
contains  the  data  to  be  processed, 
as  well  as  a  control  block  for 
passing  instructions  and  results 
between  the  host  and  the  chip. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  161 105/TN 
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TRL  Modified 


The  Naval  Ocean  Systems 
Center  (NOSC),  San  Diego,  Cali- 
fornia, reviewed  the  theory  behind 
the  Through-Reflect-Line  (TRL) 
method  to  integrate  circuits  con- 
tained within  transitions  that 
have  been  successfully  de- 
embedded.  Two  waveguide-to- 
suspended-substrate  fixtures  of 
different  lengths  were  fabricated 
on  a  computer-controlled  mill. 
Printed  circuit  waveguide  probes 
were  intentionally  shortened  to 
make  them  very  reactive.  Trans- 
mission and  reflection  measure- 


ments of  a  filter  placed  between 
the  probes  highlight  the  differ- 
ences between  measured  and  de- 
embedded  results. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  161102/TN 
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Technology  Application  

Ames  Laboratory 

Superconducting  Wire  Offers  Increased  Flexibility 

Teaming  with  industry  leads  to  new  technology 


Drawing  upon  the  expertise  of  an  industrial  partner— Babcock  and  Wilcox—Ames  Lab 
researchers  have  helped  develop  a  superconducting  wire  that  is  five  times  more  flexible  than 
other  wire.  The  goal  of  the  work  is  to  fabricate  a  strain  tolerant  conductor  that  can  be  used  in 
magnetic  wire  or  in  high  Tc  superconducting  wire  needed  for  interconnects  in  electronic  circuits. 

The  development  work  consisted  of  two  parts:  forming  the  superconducting  starting 
material  into  fiber,  and  then  forming  the  fiber  into  wire.  When  the  work  began,  Ames  Lab 
researchers  had  a  good  idea  how  to  form  fiber  into  wire,  but  they  didn't  know  the  best  way  to 
make  fibers  from  the  superconducting  compound  material. 

During  a  conversation  with  a  Babcock  &  Wilcox  scientist,  Ames  researchers  realized 
that  B&W's  technology  for  making  furnace  insulation  fibers  might  be  adapted  to  making 
superconducting  fibers.  A  collaborative  work  began  to  adapt  the  process. 

The  technique  involves  melting  the  superconducting  raw  material  and  flowing  a  liquid 
stream  of  it  into  a  supersonic  nozzle  where  a  gas  jet  shapes  and  freezes  the  material  into  long 
slender  fibers.  To  be  successful,  the  material  must  melt  and  freeze  in  much  the  same  way  that 
melted  glass  is  blown  into  strings. 

This  technique  works  best  with  Bi2Sr2CaCu20s  superconducting  material  because  the 
viscosity  changes  slowly  over  a  wide  temperature  range,  thus  allowing  the  time  needed  to  pull 
the  material  into  a  fiber.  After  drawing,  the  fibers  are  coated  with  silver  and  pressed  together 
and  heated  in  order  to  make  them  superconducting.  A  patent  application  has  been  submitted  for 
this  technology. 

By  distributing  the  silver  properly,  a  1  mm  diameter  wire  can  be  bent  around  a  2  cm 
diameter  rod  without  breaking.  Under  strain,  it  can  carry  1000/amps/cm2  of  current  at  .75%  at 
20  Tesla  and  4.2  K. 

The  wire  is  a  promising  material  for  linking  superconducting  devices  that  exist  on 
separate  chips  in  magnetometers  (research  instruments  that  measure  the  magnetic  moment  of  a 
sample).  For  such  an  application,  the  important  criteria  is  high  flexibility;  the  amount  of 
current  carried  is  less  important. 

Ames  researchers  and  Babcock  &  Wilcox  scientists  are  now  pursuing  a  new  idea  they 
think  will  enable  them  to  make  a  wire  that  will  carry  higher  electrical  current,  making  them 
serious  contenders  in  the  worldwide  race  to  bring  the  high  temperature  superconductivity 
breakthrough  into  everyday  applications. 

Literature:  Q.  Li,  J.  Ostenson,  D.  K.  Finnemore,  "Strain  Tolerance  of  Bi2Sr2CaCu20s  -5/Ag 

Composites  at  High  Field,"  Applied  Physics  Letters,  Vol.  58,  p.2159,  1991. 

Patent/License  Status:   U.  S.  Application  filed. 

Potential  Applications/Spinoffs:  Magnetic  wire;  high  Tc  superconducting  wire  used  for 

interconnects. 

For  More  Information  on  this  Technology:  Contact  Daniel  E.  Williams,  Office  of  Research  and 

Technology  Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University, 

Ames,  Iowa  50011  (515)294-2635. 
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Differential  Current  Source 

Effects  of  common-mode  voltage  are  suppressed. 


The  circuit  illustrated  in  the  figure  acts 
as  a  voltage-controlled  current  source  that 
has  a  high-impedance  floating  differential 
output.  It  maintains  a  commanded  current 
in  a  load,  regardless  of  changes  in  the  load 
impedance  and  regardless  of  any  com- 
mon-mode voltages  (e.g.,  induced  by  stray 
magnetic  coupling  from  powerlines)  on  the 
load.  The  circuit  could  be  used,  for  exam- 
ple, to  provide  a  constant  excitation  current 
to  a  germanium  resistance  thermometer 
or  other  transducer,  the  output  voltage  of 
which  is  to  be  sensed  by  a  differential  volt- 
age amplifier. 

The  input  control  voltage  £in  is  coupled 
into  the  circuit  via  operational  amplifier 
Av  Acting  in  conjunction  with  input  re- 
sistor Rv  feedback  resistor  R2,  and  the 
rest  of  the  circuit,  operational  amplifier  A, 
produces  whatever  voltage  E,  is  neces- 
sary to  provide  the  positive-terminal  out- 
put voltage  that  helps  to  drive  the  output 
current  lQ  through  the  load  impedance  ZL. 
Together  with  its  associated  resistors,  op- 
erational amplifier  A2  acts  as  a  unity-gain 
inverter  to  produce  —£v  which  provides 
the  negative-terminal  output  voltage  that 
helps  to  drive  lQ  through  ZL.  Operational 
amplifiers  Ag  and  A4  are  connected  as 
voltage  followers  to  isolate  the  reference 
resistors  Rref/2  from  the  low  impedances 
of  A5  and  its  associated  resistors. 

Operational  amplifier  A5  and  its  associ- 
ated resistors  act  as  a  unity-gain  differential 
voltage-summing  circuit;  specifically,  one 
that  sums  the  potential  drops  across  the 
two  reference  resistors  Rre(/2  to  produce 
E0  =/0flref.  The  input  current  /,  =f,n/fl1 
flows  through  fl2,  so  that  I,  =  -EJR2. 
Rearranging  the  foregoing  equations, 

lo-EJR,ei   =_/lfl2/ftref   --£ir/VflAef 

That  is,  the  output  current  depends  only  on 


_E       !o2ref_      |r 

<        ZL(Load 
Impedance) 


The  Differential  Current  Source  produces  output  current  l0  proportional  to  £(n,  regardless 
of  variations  in  ZL  and  of  common-mode  voltages  on  the  load. 


the  control  input  voltage  and  the  resis- 
tances in  the  circuit. 

To  obtain  the  low  noise  that  is  essential 
in  such  applications  as  measuring  the  re- 
sistances of  germanium  resistance  ther- 
mometers at  a  temperature  of  about  0.1  K, 
A3  and  A4  should  be  low-noise  junction 
field-effect-transistor  (JFET)  devices  or  bi- 
polar devices  preceded  by  low-noise  JFET 
voltage  followers.  The  resistors  should  be 
fabricated  on  the  same  substrate  and 
mounted  in  good  thermal  contact  so  that 
all  vary  together  with  changes  in  temper- 
ature and  ratios  between  resistances  re- 
main constant.  For  operation  over  a  wide 
temperature  range,  it  is  particularly  impor- 
tant that  all  the  resistances  labeled  "R"  in 
the  figure  vary  together  and  that  the  ratio 
flg/fl,  remain  constant. 


This  work  was  done  by  John  F.  Sutton 
of  Goddard  Space  Flight  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center.  Refer  to  GSC-13280/TN. 

Goddard  Space  Flight 
Center 

Technology  Utilization 
Officer:  Donald  S.  Friedman 
Mail  Code  702.1 
Greenbelt,  MD  20771 
(301)  286-6242 
Patent  Counsel: 
R.  Dennis  Marchant 
Mail  Code  204 
Greenbelt,  MD  20771 
(301)  286-7351 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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FET's  Perform  Well  at  Cryogenic  Temperatures 

Transistors  are  designed  for  superior  performance  at  low  temperatures. 


New  metal-oxide-semiconductor  field- 
effect  transistors  were  designed  specific- 
ally for  source-follower  preamplifiers  op- 
erating at  liquid-helium  temperatures  in 
conjunction  with  infrared  detectors. 
Known  as  CryoFET's,  the  new  devices 
have  potential  applications  ranging  from 
astronomy  to  mineral  exploration. 

The  CryoFET's  were  compared  with 
conventional  p-channel  MOSFET's,  Both 
devices  were  produced  with  the  same  ge- 
ometries, the  difference  being  in  the 
doping.  The  MOSFET's  were  made  with  p 
diffusions  for  the  source  and  drain  on  SiAs 
substrates.  The  CryoFET  sources  and 
drains  were  made  with  n-dfffusions  on  the 
same  kinds  of  substrates  to  take  advant- 
age of  the  low-temperature  charge-carrier 
f  reezeout  by  operating  in  an  enhancement 
mode.  To  find  the  best  geometry  and 
substrate  resistivity  for  low-temperature 
operation,  16  combinations  of  gate  width 
and  length  and  4  n-type  substrate  re- 
sistivities were  tried. 

The  electrical  characteristics  of  the 
CryoFET's  and  MOSFET's  were  observed 
at  temperatures  from  2.4  to  27  K.  Proper- 
ties measured  include  gate-to-source  ca- 
pacitance, current-versus-voltage  charac- 
teristic curves,  and  gain  and  noise  as  a 
function  of  frequency  with  the  devices  con- 
nected as  source  followers  and  biased  for 


to  o.®  a.ao  rid p»  #]Sa  iw, 

The  Power  Dissipation  Required  for  a 
Specified  Gain  is  plotted  for  two  source 
followers  —  one  using  a  CryoFET  and  the 
other  a  comparable  MOSFET.  The  MOSFET 
consumes  about  50  to  100  times  as  much 
power  to  achieve  the  same  gain. 

a  dc  gain  of  0.98. 

Noise  figures  of  CryoFET's  were  two  to 
four  times  lower  than  those  of  the  MOS- 
FET's. At  4.2  K  and  a  gain  of  0.98,  CryoFET 


power  dissipation  was  hundreds  of  times 
lower  (see  figure).  The  superior  dissipa- 
tion and  noise  characteristics  persisted  up 
to  20  K.  Gate-to-source  threshold  and 
source-offset  voltages  were  lower  in  the 
CryoFET's,  and  while  some  MOSFET's 
showed  considerable  hysteresis  in  the  cur- 
rent/voltage characteristic  curves,  the 
CryoFET's  did  not. 

The  lower  thresholds  and  offsets  should 
give  the  CryoFET's  greater  dynamic  range 
and  linearity  than  conventional  MOSFET's 
at  low  temperatures  and  should  facilitate 
pair  balancing  to  reduce  offsets  in  the  out- 
put. Of  course,  the  lower  dissipation  re- 
duces the  heat  loading  of  the  cryogenic 
system,  thus  extending  the  life,  reliability, 
and  performance  of  cryogenic  infrared  in- 
struments. 

This  work  was  done  by  N,  Sclar  of  Rock- 
well International  Science  Center  for 
Ames  Research  Center.  Further  informa- 
tion may  be  found  in  NASA  CR- 166321 
[N82-22436],  "Design,  Production  and 
Testing  of  Field  Effect  Transistors " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700.  ARC-11456/TN 
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50  Mb/s,  220-mW  Laser-Array  Transmitter 

Injection  locking  produces  a  single-wavelength,  diffraction-limited,  single-lobe  beam. 


A  laser  transmitter  (see  figure)  based 
on  injection  locking  produces  a  single- 
wavelength,  diffraction-limited,  single-lobe 
beam.  The  output  stage  of  the  transmit- 
ter is  an  array  of  laser  diodes  that  would 
produce  a  non-diffraction-limited,  multi- 
mode  beam  in  the  absence  of  injection 
locking. 

The  array  acts  as  a  gain-saturated  slave 
amplifier  for  a  high-quality  beam  injected 
from  the  master  laser,  a  30-mW  single- 
stripe  laser  diode.  When  operated  without 
modulation,  this  system  can  produce  a 
240-mW  beam.  With  data  encoded  by  50 
Mb/s  non-return-to-zero  modulation,  peak 
beam  power  is  220  mW.  This  combination 
of  peak  power  and  modulation  rate  is 
among  the  highest  yet  achieved;  scaling 
to  even  higher  power  may  be  possible. 
Single-stripe  diode  laser  transmitters  have 
achieved  modulation  rates  of  1  Gb/s,  but 
only  at  peak  powers  of  200  mW  or  less. 

A  transistor-based  current-driving  circuit 
modulates  the  output  power  of  the  laser 
array,  rather  than  that  of  the  master  laser. 
If  the  master  laser  were  to  be  modulated, 
the  array  would  lase  on  its  own  (with  its 
own  inferior  beam  quality)  when  the 
master  laser  was  in  the  "off"  phase. 

The  10-stripe  laser  diode  array  used 
in  the  transmitter  is  rated  for  a  maximum 
output  power  of  500  mW  in  continuous- 
wave  operation  and  for  1  W  peak  power 
in  pulsed  operation.  Its  emitting  aperture 
is  100  /xm  x  1  pm.  The  beam  from  the 
master  laser  passes  through  an  optical 
isolator  and  is  focused  by  external  optics 
to  a  spot  50  /Am  x  1  jim  located  at  the 
emitting  aperture  of  the  laser  array.  The 
beam  enters  the  array  at  an  angle  of  in- 
cidence of  4°  and  makes  several  passes 
through  the  array,  picking  up  power  while 
suppressing  the  gain  of  the  free-running 
modes  of  the  array.  The  amplified  beam 


In  the  Laser-Array  Trans- 
mitter, the  single-mode  dif- 
fraction-limited beam  from 
the  master  laser  injection- 
locks  the  array  of  laser  di- 
odes to  produce  a  220-mW 
beam  of  high  quality. 

leaves  the  array  at  an 
angle  of  -4°;  i.e.,  sepa- 
rated by  8°  from  the  inci- 
dent beam.  This  separa- 
tion enables  the  use  of  a 
mirror  to  deflect  the  emit- 
ted beam  to  the  trans- 
mitter optics  without  in- 
terfering with  the  incident 
beam. 

Transmitters  of  this 
type  should  be  suitable 
for  both  free-space  and 
optical-fiber  communica- 
tion systems.  Because 
the  beam  from  such  a 
transmitter  can  be  focused  to  a  spot  as 
small  as  5  |im,  such  devices  might  be 
usable  for  reading  and  writing  optical 
disks  at  increased  information  densi- 
ties. The  transmitter  might  also  find 
application  in  remote  sensing  and 
ranging. 

This  work  was  done  by  Donald  M. 
Cornwell,  Jr.,  of  Goddard  Space  Flight 
Center.  GSC-13382/TN 


Master  Laser 

(30-mW  Single-Stripe 

Laser  Diode) 
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Regenerative  Snubber  for  GTO-Commutated  SCR  Inverter 

Loss  of  power  would  be  reduced. 


A  proposed  regenerative  snubbing  cir- 
cuit would  be  substituted  for  a  dissipative 
snubbing  circuit  in  an  inverter  based  on 
silicon  controlled  rectifiers  (SCR's)  corn- 
mutated  by  a  gate-turn-off  thyristor  (GTO). 
(A  snubbing  circuit  is  one  that  limits  the 
rate  of  change  of  voltage  across  a  semi- 
conductor component  —  in  this  case,  the 
GTO.)  The  regenerative  snubber  is  intend- 
ed to  reduce  the  loss  of  power  that  oc- 
curs in  the  dissipative  snubber.  The  prin- 
cipal criteria  in  the  conceptual  design  of 
the  regenerative  snubber  are  low  cost, 
simplicity,  and  reliability. 

The  figure  illustrates  the  inverter  with 
the  dissipative  snubber  and  with  two  alter- 
native versions  of  the  regenerative  snub- 
ber. In  the  dissipative  snubber,  the  power 
lost  equals  M2CVf,  where  V  is  the  peak 
voltage  to  which  the  snubbing  capaci- 
tance, C,  is  charged,  and  f  is  the  rate  of 
repetition  of  the  GTO  operating  cycle.  This 
loss  is  independent  of  the  load  and  can 
exceed  1  percent  of  the  peak  throughput 
power. 

The  design  of  the  regenerative  snub- 
ber would  be  based  on  the  principles  of 
(1)  automatic  adjustments  in  response  to 
changes  in  load  and  (2)  the  resonant  trans- 
fer of  energy  from  capacitor  C  to  the  in- 
put capacitor.  The  principle  of  operation 
can  be  summarized  as  follows:  Let  Nde 
and  N^  denote  the  number  of  turns  in  the 
windings  of  the  clamping  transformer  be- 
tween the  terminals  denoted  by  the  re- 
spective subscripts,  and  let  Nf  denote 
the  number  of  turns  in  the  smaller  winding 
(Nf  <M2Nat)  added  for  the  regenerative 
snubber.  Let  lA  =  the  anode  current  in  the 
GTO  at  the  instant  when  it  is  turned  off, 
VA  -  anode  voltage  across  the  GTO  at 
the  instant  when  it  is  turned  off,  and  Vc  = 
the  instantaneous  voltage  across  C.  As- 
suming that  the  voltage  across  C  at  the 
instant  of  turnoff  was  zero,  snubbing  would 
occur,  and  initially  the  anode  voltage 
across  the  GTO  would  rise  at  the  rate  of 

This  voltage  and  Vc  would  continue  to 
rise  to  a  value  that  would  depend  on  VA, 


NEW:  INVERTER  WITH  REGENERATIVE  SNUBBER,  BASIC  VERSION 


-   O- 


?l     J=    Jf 


T--T  T 


Snubber  NEW:  INVERTER  WITH  REGENERATIVE  SNUBBER.  ADVANCED  VERSION 

SCR's 


A  Regenerative  Snubber  would  resonantly  transfer  energy  from  the  snubbing  capacitor  back  to 
the  input  capacitor,  thereby  reducing  the  loss  of  energy  that  occurs  in  a  dissipative  snubber. 


the  clamping  ratio  NdjNab,  the  leakage 
inductance  of  the  clamping  transformer, 
and  the  parameters  of  the  load.  Then  Vc 
would  remain  at  this  peak  voltage  until 
both  the  GTO  and  SCR1  were  fired.  This 
firing  would  cause  the  energy  in  C  to  be 
resonantly  discharged  and  transferred  via 
winding  fg  to  the  input  capacitor.  Assum- 
ing that  the  resonant  period  of  LC  was  less 
than  the  "on"  time  of  the  GTO,  the  cur- 
rent through  SCR1  would  reach  zero 
during  the  "on"  time  of  the  GTO,  and 
SCR.,  would  be  commutated  off. 

It  may  not  be  necessary  to  add  an  ex- 
ternal inductor  to  obtain  the  desired  res- 


onating inductance,  L:  the  leakage  induc- 
tance between  fg  and  ab  may  suffice  for 
this  purpose.  Where  load  currents  vary 
over  a  wide  range,  it  would  be  desirable 
to  effectively  vary  the  value  of  C,  possibly 
by  the  "advanced"  scheme  shown  at  the 
bottom  of  the  figure.  The  effective  value 
of  C  would  depend  on  which  one  or  com- 
bination of  the  snubber  SCR's  was  fired. 
This  work  was  done  by  Wally  E.  Rippel 
and  Dean  B.  Edwards  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NP0-16865/TN 
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Sandia  National  Laboratory 

Sandia  Assembly  Test  Chip  Chosen  as  Qualifying 
Standard 


A  family  of  assembly  test  chips  developed  at  Sandia 
National  Laboratories  is  being  used  as  the  standard  to 
test  new  semiconductor  packaging  materials  for  use  in 
military  electronics  equipment. 

The  protection  of  integrated  circuits  from  environ- 
mental damage  is  a  major  function  of  the  chip  package. 
Airtight  (hermetic)  ceramic  covers  are  most  often  used 
for  military  electronic  devices,  which  must  meet  ex- 
tremely high  quality  and  reliability  criteria.  But  the 
expense  of  this  type  of  packaging  has  spurred  manufac- 
turers to  develop  other  packaging  techniques  for  con- 
sumer applications  and  for  multichip  modules  with 
dense  circuits  that  will  not  easily  fit  into  the  ceramic 
hermetic  packages. 

These  alternate  packaging  methods  use  plastic 
moldings  or  coatings  that  embed  the  semiconductor 
devices  and  multichip  modules.  If  such  coatings  could  be 
developed  that  would  meet  the  stringent  military 
requirements,  the  size  and  weight  of  the  electronic 
devices  could  be  reduced,  thereby  resulting  in  improved 
performance  and  lower  production  costs. 

Under  a  contract  awarded  by  the  U.S.  Air  Force, 
Microelectronics  and  Computer  Technology  Corpora- 
tion (MCC)  of  Austin,  Texas,  is  coordinating  a  joint 
industry-university-government  initiative  to  develop 
these  coatings  for  military  semiconductor  devices. 
Known  as  the  Reliability  without  Hermeticity  (RwoH) 
Project,  it  involves  more  than  20  organizations,  includ- 
ing Sandia.  The  project  includes  fundamental  studies  in 


materials  interactions,  accelerated  aging,  failure  mecha- 
nisms, degradation  mechanics,  and  modeling. 

The  Sandia  assembly  test  chips  play  a  key  role  in 
this  effort.  The  three  Sandia  designs  contain  a  variety  of 
sensors  that  can  determine  whether  assembly  and  pack- 
aging has  resulted  in  any  damage  or  degradation  of  the 
semiconductor  device's  function.  These  transducers 
measure  such  things  as  corrosivity,  mechanical  damage, 
electrostatic  threat,  mechanical  stress,  bond  pad  degra- 
dation, and  moisture  content. 

The  test  chips  provide  a  metric  for  determining  the 
performance  of  chips  assembled  with  various  cleaning 
methods  and  coating  materials.  The  chips  are  subjected 
to  high  temperatures,  humidity,  and  voltage  stress  and 
provide  immediate  information  on  how  or  where  an 
assembled  semiconductor  device  might  fail  as  the  result 
of  the  different  packaging  processes. 

Historically  there  has  not  been  enough  direct  eco- 
nomic return  for  any  one  company  to  drive  the  develop- 
ment and  refinement  of  a  multipurpose  assembly  test 
chip.  Sandia,  which  has  a  Class  1  Microelectronics 
Development  Laboratory,  produced  the  test  chip  ini- 
tially to  test  high  reliability  packages  developed  by  the 
Labs  for  weapons  and  space  applications.  Through  its 
technology  transfer  initiative,  Sandia  has  made  its  novel 
test  chips  available  to  U.S.  microelectronics  companies 
for  fabrication  and  use  in  their  assembly  and  packaging 
operations.  Technical  Contacts:  David  W.  Palmer  (505) 
844-2138  and  James  N.  Sweet  (505)  845-8242.  ® 
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Eliminating  Deadbands  in  Resistive  Angle  Sensors 

Output  would  be  continuous  throughout  a  complete  rotation. 


A  proposed  shaft-angle-measuring  cir- 
cuit would  provide  a  continuous  indication 
of  the  angle  of  rotation  from  0°  to  360° 
The  sensing  elements  would  be  two  con- 
tinuous-rotation potentiometers,  and  the 
associated  circuitry  would  eliminate  the 
deadband  (ambiguous  resistance  and 


angle  measurement)  that  occurs  when  the 
wiper  contact  of  a  potentiometer  crosses 
the  end  contacts  near  the  0°  position  of 
the  circular  resistive  element.  An  angle- 
measuring  circuit  of  this  type  could  be 
used,  for  example,  in  a  valve-position  in- 
dicator or  a  similar  device  in  which  long 


SHAFT  ANGLE  POSITION  SENSOR 


Notes: 

1  LSB"  means    least-significant  bit." 

2  MSB"  means  "most-significant  bit  " 

3  ADC"  means  "analog-to-digital  converter ' 
d  DAC"  means  "digital-to-analog  converter 


Figure  1.  Window 
Comparators  would 
select  the  output  of 
one  potentiometer  or 
the  other,  in  such  a 
way  as  to  avoid  the 
deadbands  of  both. 


Figure  2.  To  Make  the 
Digitized  Output  Ap- 
pear  Continuous 
From  0°  to  360°,  the 

most-significant  bit 
would  be  inverted 
when  potentiometer  B 
was  selected. 


POTENTIOMETER  A 


Output 
Voltage 


Pot  B  Angle,  Degrees 

Algorithm: 

1  When  in  active  region  ol  potentiometer  A, use  digitized  output  unmodified. 

2  When  in  active  region  ot  potentiometer  B,  invert  most-significant  bit  of  digitized  output. 


operating  life  and  high  angular  precision 
are  not  required. 

The  two  potentiometers  would  be 
ganged  to  the  shaft  and  oriented  in  op- 
posite phase;  that  is,  when  the  shaft  was 
at  the  0°  position  of  potentiometer  B,  it 
would  be  at  the  180°  position  of  poten- 
tiometer A.  At  shaft  angles  between  the 
90°  and  270°  positions  of  potentiometer 
A  (from  the  270°  position  through  the 
0°/360°  deadband  position  to  the  90° 
position  of  potentiometer  B),  the  associat- 
ed circuitry  would  select  and  process  the 
output  of  potentiometer  A.  At  shaft  angles 
between  the  90"  and  270°  positions  of 
potentiometer  B  (from  the  270°  position 
through  the  0°/360°  deadband  position  to 
the  90°  position  of  potentiometer  A),  the 
associated  circuitry  would  select  and  proc- 
ess the  output  of  potentiometer  B.  Thus, 
neither  potentiometer  would  be  used  at 
angles  within  about  90°  of  its  deadband. 
The  analog  outputs  of  the  potentiome- 
ters would  be  amplified  and  fed  to  a  set 
of  window  comparators,  which  would  help 
select  one  of  these  outputs  (see  Figure  1). 
The  outputs  of  the  comparators  would  be 
processed  further  by  selection-logic  cir- 
cuitry, which  would  add  hysteresis  to  pre- 
vent oscillations  during  transitions  between 
potentiometers. 
The  output  of  the  selected  potentiom- 
eter would  be  digitized 
to  obtain  a  binary  repre- 
sentation of  the  angle. 
Whenever  potentiom- 
eter B  was  selected,  the 
most  significant  bit  in 
the  digitized  output 
would  be  inverted  (see 
Figure  2).  The  inversion 
would  make  the  digi- 
tized output  vary  in  a 
continuous  (down  to 
the  least-significant  bit) 
sequence  from  0°to 
360° 

This  work  was  done 
by  Phil  M.  Salomon, 
Russell  O.  Allen,  and 
Carl  A.  Marchetto  of 
Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NP0-18123/TN 
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Laser  Scanner  Tests  for  Single-Event  Upsets 

Irradiation  by  laser  is  substituted  for  the  more-expensive  irradiation  by  energetic  heavy  ions. 


The  microelectronic  advanced  laser 
scanner  (MEALS)  is  an  opto/electro/me- 
chanical  apparatus  for  nondestructive  test- 
ing of  integrated  memory  circuits,  logic  cir- 
cuits, and  other  microelectronic  devices. 
The  MEALS  is  a  multipurpose  diagnostic 
system  that  can  be  used  to  determine  ul- 
trafast  time  response,  leakage,  latchup, 
and  electrical  overstress.  Most  notably,  it 
can  be  used  to  simulate  some  of  the  ef- 
fects of  heavy  ions  accelerated  to  high 
energies  to  determine  the  susceptibility  of 
a  digital  device  to  single-event  upsets 
(changes  in  stored  bits  unaccompanied  by 
significant  permanent  damage). 

The  MEALS  is  designed  to  overcome 
the  main  disadvantages  of  single-event- 
upset  testing  by  irradiation  with  ions  ac- 
celerated in  cyclotrons,  which  are  that 
such  testing  is  expensive  and  time-con- 
suming, the  devices  to  be  tested  must  be 
brought  to  the  cyclotron,  and  the  ion  strikes 
cannot  be  directed  to  specific  locations 
on  the  devices.  In  the  MEALS,  light  from 
a  picosecond  pulsed  dye  laser  is  focused 
at  selected  locations  in  an  integrated  cir- 
cuit to  test  for  vulnerability  of  those  loca- 
tions to  single-event  upset,  and  the  beam 
is  scanned  from  one  location  to  another 
in  a  controlled  manner. 

The  MEALS  is  based  on  the  principle 
that  photons  that  have  energies  greater 
than  the  gap  between  the  valence  and 
conduction  electron-energy  bands  of  the 
semiconductor  in  the  device  under  test 
can  be  absorbed,  producing  electron/hole 
pairs  as  charged  particles  do.  The  wave- 
length and  energy  of  the  laser  beam  can 
be  adjusted  to  vary  the  effective  depth  of 
penetration  of  the  photons  to  probe  the 
layers  of  the  circuit  with  some  selectivity. 

The  device  under  test  is  mounted  on  a 
micromanipulator  in  the  MEALS  and  con- 
nected to  the  MEALS  power-supply  and 
testing  circuits.  The  device  used  for  sys- 


Beam  Splitter 


Beam  Splitter 


The  Microelectronic 
Advanced  Laser 
Scanner  probes  se- 
lected locations  on  an 
integrated  memory  or 
othercircurtfor  suscep- 
tibility to  singie-event 
upsets.  The  probe  is  a 
laser  beam  focused  to 
a  small  spot  to  simulate 
some  of  the  effects  of 
energetic  heavy  ions 
by  generating  electron/ 
holed  pairs  at  that  spot. 


tern  development  is  a  256K  DRAM  which 
can  be  tested  in  either  of  two  logic  states: 
sensitive  (all  memory  cells  initially  charged 
to  the  "one"  state)  or  insensitive  (all  cells 
initially  discharged  to  the  "zero"  state). 
Visible  or  infrared  light  from  a  tunable  dye 
laser  is  focused  to  a  spot  <1.5  /*m  wide 
at  the  selected  location  while  the  output 
signal  of  the  device  is  closely  monitored 
by  an  optical  bit  mapper  controlled  by  a 
computer  (see  figure).  The  computer  also 
controls  the  micromanipulator  to  position 
the  device  relative  to  the  laser  spot,  and 
it  synchronizes  the  pulse  time  of  the  laser 
with  the  monitoring  time  of  the  optical  bit 
mapper. 

Thus,  the  most-sensitive  transistors  and/ 
or  other  microelectronic  devices  in  an  in- 
tegrated circuit  can  be  identified  and  plot- 
ted on  an  optical  bit  map.  Such  variables 
as  the  laser  energy,  the  portion  of  laser 
energy  deposited  in  the  device  under  test, 
the  threshold  value  of  either  of  these  en- 
ergies that  causes  single-event  upsets,  the 
depth  of  penetration,  and  the  location  can 
also  be  plotted  on  an  optical  bit  map  and 
interpreted  to  explore  methods  to  reduce 


susceptibility  to  single-event  upsets. 

Because  of  some  fundamental  differ- 
ences between  irradiation  by  laser  and  ir- 
radiation by  energetic  ions,  one  must  ex- 
ercise some  caution  in  interpreting  the 
results  of  tests  on  the  MEALS.  One  dif- 
ference is  that  the  track  of  electron/hole 
pairs  produced  by  an  ion  is  only  about  0.05 
fim  wide  —  much  narrower  than  the  laser 
beam  and  its  track  of  electron/hole  pairs. 
Another  difference  is  that  the  density  of 
charge  carriers  produced  by  the  laser 
beam  decreases  approximately  exponen- 
tially with  depth  of  penetration,  while  that 
of  an  energetic  ion  does  not.  Still  other  dif- 
ferences involve  energies  and  mecha- 
nisms of  interaction  with  the  semiconduc- 
tor material  and  distributions  of  charge 
carriers. 

This  work  was  done  by  Quiesup  Kim 
and  George  A.  Soli  of  Caltech  and  Harvey 
R.  Schwartz  of  Trend  Western  for  NASA's 
Jet  Propulsion  Laboratory. 
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Measuring  Effects  of  Lightning  on  Power  and  Telephone  Lines 

A  spherical  antenna  senses  both  horizontal  and  vertical  fields  simultaneously. 


A  spherical  antenna  for  the  simultane- 
ous measurement  of  all  three  components 
of  an  electric  field  has  been  developed  for 
use  in  continuing  research  on  lightning. 
Previous  research  has  focused  mainly  on 
the  larger,  vertical  components  of  electric 
fields  caused  by  cloud-to-ground  lightning. 
However,  the  smaller  (by  a  factor  of  about 
30),  horizontal  components  of  these  elec- 
tric fields  can  induce  significant  voltages 
and  currents  on  such  long,  horizontal  elec- 
trical conductors  as  overhead  transmis- 
sion lines  and  buried  cables.  Because  the 
horizontal  components  of  an  electric  field 
depend  on  both  the  local  electrical  proper- 
ties of  the  ground  and  on  the  vertical  com- 
ponent, it  has  become  necessary  to  meas- 
ure all  three  components  simultaneously  in 
efforts  to  understand  the  effects  of  light- 
ning on  power  lines  and  telephone  lines. 

The  antenna  includes  a  metallic  sphere 
45  cm  in  diameter,  with  insulated  surface 
cutouts  centered  on  three  orthogonal 
axes.  It  is  suspended  about  1.5  m  above 
ground  from  an  insulating  quadripod  (see 
figure).  The  component  of  the  electric  field 
along  each  of  the  three  orthogonal  axes  is 
sensed  as  a  difference  of  potential  be- 
tween the  two  diametrically  opposed  sur- 
face cutouts  that  lie  on  that  axis.  Electronic 
circuits  inside  the  sphere  process  the 
electric-field  signals  into  light  signals, 
which  are  transmitted  via  optical  fibers  to 
recording  electronics.  The  recorded  sig- 
nals are  processed  by  a  computer  with  20 
MB  of  disk  and  tape  storage. 

The  spherical  antenna,  which  measures 
the  "fast"  components  of  the  electric  field 
(frequencies  of  a  few  megahertz)  is  used  in 
conjunction  with  other  equipment,  includ- 
ing an  antenna  that  measures  the  "slow" 
vertical  component  of  the  electric  field;  a 
microphone  that  senses  thunder;  cameras 
that  make  visual  records,  which  help  to 
locate  the  lightning;  a  magnetic-field  sen- 
sor; optical  sensors;  and  instruments  that 


The  Spherical  Antenna  measures  vertical  and  horizontal  electric  fields  simultaneously. 


measure  the  speed  and  direction  of  the 
wind.  To  increase  the  frequency  and  regu- 
larity of  measurements,  lightning  strokes 
can  be  triggered  at  or  near  a  preset  loca- 
tion in  a  manner  reminiscent  of  Benjamin 
Franklin's  famous  experiment  in  which  he 
flew  a  kite  in  thunderstorm.  This  is  done  by 
launching  a  small  rocket  trailing  a  wire  into 
a  cloud. 

The  spherical  antenna  has  been  used  to 
measure  the  electric  field  near  an  unener- 
gized  power  line  500  m  long  and  10  m  high, 
induced  by  lightning  striking  5  km  or  more 
away.  These  measurements  have  been 


correlated  with  measurements  of  the  volt- 
ages induced  in  the  power  line,  measure- 
ments of  the  electrical  conductivity  and 
permittivity  of  the  ground,  and  a  mathema- 
tical model  of  the  coupling  of  the  electric 
field  into  the  power  line.  Preliminary  results 
show  fairly  good  agreement  between  the 
experimental  data  and  the  predictions  of 
the  model. 

This  work  was  done  by  William  Jafferis 
of  Kennedy  Space  Center  and  E.M. 
Thompson,  P.  Medelius,  M.  Rubinstein, 
and  A.  Tftzeng  of  the  University  of  Florida. 
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0433    Making  Positive  Electrodes  for  Sodium/Metal  Chloride  Cells — The 
electrodes  have  high  coulombic  yields  and  retain  them  in  charge/ 
discharge  cycling. 
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Making  Positive  Electrodes  for  Sodium/Metal  Chloride  Cells 

The  electrodes  have  high  coulombic  yields  and  retain  them  in  charge/discharge  cycling. 


Sintered  nickel  plaques  have  been  ina- 
pregnated  with  nickel  chloride  to  form 
cathodes  of  Na//3-AI203/NaAICl4/NiCr2 
voltaic  cells.  The  resulting  cathodes  ex- 
hibited high  coulombic  yields  at  high  cur- 
rent densities  and  suffered  very  little  loss 
in  capacity  on  charge/discharge  cycling. 
Cells  made  with  these  or  similar  electrodes 
in  which  transition-metal  chlorides  are  im- 
pregnated in  sintered  matrices  could  be 
used  in  spacecraft,  electric  land  vehicles, 
and  other  applications  in  which  high-en- 
ergy-density power  systems  are  required. 

High-temperature  rechargeable  sodium 
batteries  in  which  the  cathodes  contain 
metal  chlorides  offer  energy  densities  com- 
parable to  those  of  sodium/sulfur  batteries 
but  are  safer  and  are  less  susceptible  to 
corrosion  because  they  operate  at  lower 
temperatures.  In  addition,  certain  failure 
modes  encountered  in  sodium/sulfur  bat- 
teries —  for  example,  the  degradation  of 
solid  electrolytes  in  polysulfide  melts  — 
are  not  observed  in  the  sodium/meta]  chlor- 
ide batteries. 

Previously,  cathodes  for  sodium/metal 
chloride  cells  have  been  made  by  chlorina- 
tion  of  porous  metal  bodies  that  had  been 
made  by  sintering  metal  powder  under 
reduced  atmospheres,  impregnation  of  the 
porous  bodies  with  saturated  solutions  of 
sodium  chloride  followed  by  assembly  in 
the  state  of  discharge,  sintering  slurries  of 
metal  powder  and  sodium  chloride  brine, 
and  sintering  dry  powders  of  metal  and 
sodium  chloride.  In  the  latter  two  methods, 
the  chlorination  of  the  electrodes  at  struc- 
turally weak  spots,  both  during  the  initial 
formation  processes  and  subsequently, 
reduces  the  cycle  lives  of  the  electrodes. 

In  the  new  method  of  fabrication,  sin- 
tered nickel  plaque  of  the  type  used  in  Ni/ 
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Figure  1.  High  Coulombic  Yields  were 
provided  by  a  sodium/metal  chloride 
battery  in  which  the  cathode  was  formed 
by  impregnating  sintered  nickel  plaque 
with  a  saturated  solution  of  nickel 
chloride. 


3.0 


2.8- 


2.6  = 


£4- 


I 


" 1 — 1 1 

Selected  Charge  and  Discharge 
Curves  of  N1CI2  (16  mAh) 
Electrode  of  4  cm2  Area  i 


Second 
Charge' 


Second 
Discharge 

Third 
Discharge* 

Fourth 
Discharge 


'u>.*£ 


7    */.! 


Figure  2.  Charge/ Discharge  Cycling 
the  nickel  chloride  electrode  resulted 
very  little  loss  of  capacity. 


Cd  batteries  is  impregnated  with  nickel 
chloride  from  a  saturated  nickel  chloride 
solution.  In  principle,  vacuum  impregna- 
tion could  be  used  to  achieve  higher  load- 
ings of  the  active  material  into  the  plaque. 
Also,  the  nickel  plaque  could  be  preaxtdized 
or  otherwise  pretreated  as  in  the  fabrica- 
tion of  Ni/Cd  batteries. 

lb  demonstrate  the  feasibility  of  the  new 
method  of  fabrication,  nickel  chloride  was 
chemically  impregnated  in  a  plaque  to  a 
loading  of  4  mAh/cm2.  The  impregnated 
electrode  was  dried  overnight  at  a  temper- 
ature of  150  °C,  then  tested  in  charge/dis- 
charge cycles.  The  electrode  exhibited 
high  coulombic  yields  ( >  95  percent  on  the 
basis  of  the  amount  of  NrCI2  impregnated) 
at  high  current  densities  (up  to  8  mA/cm2) 
(see  Figure  1). 

The  electrode  lost  very  little  capacity  in 
charge/discharge  cycling  (see  Figure  2). 
This  implies  that  the  degree  of  integrity  of 
the  electrode  is  high.  The  result  is  attribut- 
ed to  the  nonchkxination  of  the  plaque  dur- 
ing fabrication:  only  the  active  material 
contained  in  the  plaque  is  oxidized.  Elec- 
trodes of  Ni/Cd  cells  fabricated  similarly 
have  previously  been  shown  to  have  long 
cycle  lives. 

This  work  was  done  Ratnakumar  V. 
Bugga,  Salvador  Di  Stefano,  and  C.  Perry 
Bankston  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL  Refer  to  NPO-17809/TN. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Technology  Assessment 

U.S.  Air  Force 


Contour  Measurement  of  Large  Shapes  (CMOLS) 


This  Industrial  Modernization  Incentives  Program 
(IMIP)  project  was  implemented  at  Fort  Worth,  Texas. 


This  project  develops  an  implementable  noncontact 
inspection  and  analysis  system  for  verification  of  surface 
data  on  large  contoured  tooling  that  is  machined  on  NC 
machines. 


Cost/benefit  analysis  projects  a  SI. 2  million  savings  to 
the  United  States  Air  Force  through  1994.  The  system 
provides  for  increased  inspection  efficiency  and 
improves  response  time  to  engineering  changes.  CMOLS 
provides  a  reduction  in  tooling  costs  by  enabling  the 
fabrication  on  NC  machines  of  production-ready  tooling. 


To  meet  the  stated  objective,  the  project  was  divided  into 
three  development  categories:  1 )  data  extraction  from  the 
design  model,  2)  automated  contour  measurement  and 
3)  shop  floor  contour  analysis.  Each  category  was  treated 
as  a  separate  development  with  specific  requirements.  A 
technical  lead  was  assigned  to  each  category  with  the 
project  manager  having  overall  responsibility.  These 
developments  were  coordinated  through  weekly  team 
meetings.  Requirements  and  guidelines  were  continually 
reviewed  and  as  testing  was  conducted  integration  needs 
were  reviewed. 

The  project  was  further  divided  into  five  technical 
developments:  1 )  drive  library  (part  program),  2)  data 
transfer  from  mainframe  analysis  to  shop  floor, 
3)  automated  theodolite  development,  4)  shop  floor 
analysis  to  design  and  5)  graphical  presentation  of  the 
contour  analysis.  Items  1,2,4  and  5  were  developed  by 
GDFW  to  fit  within  the  existing  computer  environment. 
Commercial  software  was  utilized  as  much  as  possible 
with  speciality  software  used  only  where  the  capability 
was  not  available.  Item  3  involved  a  direct  working 
relationship  with  Wild  Heerbrugg  (Switzerland)  to 
produce  a  production  ready  system.  The  result  of  this 
contract  was  a  commercially  available  measurement 
system  ready  for  use  by  industry. 


Tool  Production  And  Inspection 


UTOMAflCA 
SURFACE 
MEASUREMENT  TO  OESIGN 


CMOLS  is  best  suited  to  large  open  objects  requiring 
contour  measurement.  The  system  can  also  be  used  to 
measure  features  on  an  object  that  can  be  targeted  with 
photogrammetry  retro-reflective  targets.  Generally, 
articles  requiring  300  to  2000  points  with  tooling 
tolerances  are  good  candidates. 


It  is  possible  to  measure  a  contoured  object  using  the 
reflected  image  of  a  temporary  laser  target.  There  is 
some  sensitivity  to  material  absorption,  but  light 
coatings  of  magnaflux-type  sprays  can  produce  an 
adequate  surface  finish  for  high  quality  measurements. 

There  is  a  trade-off  in  attempting  to  have  speed  and 
accuracy.  CMOLS  is  designed  to  provide  high  accuracy 
measurements,  and  as  such  is  limited  in  speed  by  which 
it  performs.  Although  portable,  complicated  set-ups  can 
take  approximately  1/2  day. 

Combined  with  shop  floor  analysis  capability,  the 
system  can  serve  as  an  electronic  'blue  block'  for 
contoured  articles.  This  added  benefit  can  offset  the  time 
involved  in  set-up  by  reducing  contour  analysis  time  and 
hand  touch-up  of  contoured  tool  faces. 

Where  hole  patterns  need  to  be  measured,  the  system  can 
'see'  photogrammetry  targets  and  can  be  programmed  to 
measure  a  defined  hole  pattern.  Where  time  is  essential, 
the  system  can  provide  near  real-time  results. 
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The  complete  system,  consisting  of  VAX  download 
computer.  Automated  Theodolites  (AUTOCAT)  and 
VAX  based  Shop  Floor  Analysis  cart  are  in  the  Tooling 
equipment  inventory.  The  system  has  been  used  in 
several  programs  for  contour  measurements  of  both 
tooling  and  parts.  Experiments  in  new  contour  tooling 
materials  for  N/C  manufacturing  and  N/C  verification 
have  been  conducted. 

A  unique  application  has  been  programming  a  large  N/C 
machine  tool  for  volumetric  accuracy  testing.  In  a  semi- 


automated  mode  the  Automated  Theodolites  can  measure 
a  machine  tool's  ability  to  make  5  axis  moves  through 
the  working  volume.  AUTOCAT  is  able  to  measure  300 
pre-programmed  machine  tool  tip  positions  over  a 
20  foot  by  16  foot  by  4  foot  volume  in  4  hours  using  1 
theodolite  operator. 


FOR  ADDITIONAL  INFORMATION:  Wright 
Laboratory,  WL/MTX  (Robert  Reifenberg),  Wright- 
Patterson  AFB,  OH  45433-6523;  (513)  255-7362. 
Refer  to  MT91-006C1. 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 


U.S.  Department  of  the  Interior 


Abandoned  Mine  Lands  Program 

The  Use  of  Polyethylene  Oxide  to  Improve  Drilling  System 
Performance 


Objective 


To  develop  a  cost-effective  tool  for  improving  the 
performance  of  rock  drilling  systems  used  in  detecting  and 
delineating  underground  mine  voids  and  for  coal 
exploration. 

Approach 

To  investigate  admixtures  of  polyethylene  oxide  (PEO) 
at  zero  surface  charge  concentrations  as  drilling  fluid  ad- 
ditives to  enhance  penetration  rates  and  extend  bit  life  in 
rock  drilling  systems. 


Background 


Bureau  researchers  have  investigated  the  use  of  chem- 
ical additives  to  enhance  drilling  performance  and  found 
that  the  most  efficient  drilling  occurred  when  the  drilling 
fluid  was  able  to  maintain  a  zero  surface  charge  (ZSC)  on 
the  surface  of  the  rock  being  drilled.  Laboratory  drilling 
studies  have  been  performed  on  rock  types  such  as  quart- 
zite,  granite,  taconite,  and  marble.  The  lab  tests  were 
conducted  using  5/8-inch  diameter  diamond-impregnated 
coring  bits  with  cationic  compounds  as  the  surface  charge 
neutralizing  additives.  These  studies  demonstrated  en- 
hanced drilling  performance,  however,  only  at  the  singular 
additive  concentration  that  produced  the  ZSC  condition. 
A  breakthrough  was  made  when  Bureau  researchers  found 
that  polyethylene  oxide,  although  a  nonionic  polymer,  was 
able  to  maintain  the  ZSC  condition  over  a  wide  range  of 
concentrations.  Success  using  polyethylene  oxide  as  a  drill- 
ing fluid  additive  during  laboratory  tests  and  subsequent 
field  tests  on  hard  rocks  prompted  testing  of  PEO  on  soft- 
er rocks.  The  Bureau  recently  tested  PEO  as  a  drilling 
fluid  additive  in  drilling  coal  measure  rocks  to  detect  and 
delineate  underground  mine  voids  on  Abandoned  Mine 
Lands  (AML). 

How  It  Works 

The  mechanism  underlying  the  enhanced  drilling  per- 
formance is  hypothesized  to  be  activated  cracking.  Scien- 
tists know  that  the  rock  surface  is  under  maximum  tension 


when  under  zero  surface  charge  conditions.  Under  these 
conditions,  the  likelihood  of  increased  crack  formation  at 
or  near  the  rock  surface  is  increased  since  the  rock  surface 
is  weakened  under  tension.  When  the  increased  density  of 
cracks  is  propagated,  faster  rock  breakage  occurs  and 
results  in  faster  drilling  penetration  rates.  Less  bit  wear  is 
also  observed.  The  wear  force  on  the  bit  is  lessened,  since 
a  rock  surface  with  a  higher  density  of  cracks  provides  less 
resistance  to  the  advancing  bit  than  a  rock  surface  with  a 
lower  density  of  cracks.  The  activated  cracking  hypothesis 
has  been  validated  by  Bureau  researchers  in  the  drilling  of 
transparent,  synthetic  quartz  with  water  alone  and  with 
ZSC  concentration  solutions  of  PEO  and  other  chemical 
additives.  High  speed  photography  of  synthetic  quartz 
drilling  showed  a  zone  of  cracking  in  front  of  the  ad- 
vancing bit  when  drilling  with  ZSC  concentration  solutions 
of  PEO  and  each  of  the  chemical  additives  tested.  This 
cracking  did  not  occur  when  drilling  with  water  alone.  To 
best  take  advantage  of  this  chemically-induced  rock  weak- 
ening, users  need  to  ensure  that  the  mechanical  energy  in- 
troduced for  drilling  is  not  so  high  that  it  overrides  the 
chemically-induced  cracking  effect.  Less  rotational  speed 
and/or  thrust  may  be  necessary  when  using  the  PEO 
additive. 

Field  Test  Results 

In  a  controlled  field  test  in  Ohio,  conducted  in 
cooperation  with  a  coal  exploration  drilling  program, 
NQ-size  (311)  coreholes  were  drilled  alternately  in  coal 
measure  rocks  with  water  alone  and  15  ppm  (ZSC  concen- 
tration) solutions  of  PEO  in  a  side-by-side  pattern  to 
depths  ranging  from  55  ft  to  over  170  ft.  Penetration  rate 
increases  of  39.4,  27.3  and  22.1  pet  were  obtained  for 
shallow,  medium-deep,  and  deep  holes,  respectively,  drilled 
with  PEO  solutions  compared  to  water  alone.  Comparing 
similar  lithologies  in  these  holes,  average  penetration  rate 
increases  of  24.0,  26.2,  27.8  and  40.8  pet  were  obtained 
for  limestone,  shale,  carbonaceous  shale,  and  claystone, 
respectively. 

In  a  controlled  test  in  Pennsylvania,  conducted  in 
cooperation  with  the  Pennsylvania  Department  of  Natural 
Resources'  drilling  program  to  determine  the  extent  of  a 
fire  in  an  abandoned  underground  mine,  NQ-size  (311) 
coreholes  were  drilled  alternately  in  coal  measure  rocks 
with  water  alone  and  15  ppm  (ZSC  concentration)  solu- 
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lions  of  PEO  in  a  sidc-by-side  pattern  to  depths  ranging 
from  30  to  100  feet.  Comparison  of  drilling  performance 
for  similar  lithologies  in  these  holes  yielded  average 
penetration  rate  increases  of  14.8,  35.1,  47.1,  and  49.3  pet, 
respectively,  for  highly  fractured  claystone,  fractured 
claystone,  fractured  claystone  with  interbedded  sandstone, 
and  unfractured  claystone. 


tation  was  issued  September  25,  1990.  Patents  have  also 
been  applied  for  in  Australia,  Canada,  and  other  countries. 
For  information  concerning  the  licensing  of  these  patents 
contact  the  Chief,  Office  of  Technology  Transfer  at  the 
Bureau  of  Mines,  2401  E  Street,  NW.,  M.S.  6201,  Wash- 
ington, DC  20241,  or  telephone  (202)  634-1225. 


Health,    Safety, 
Considerations 


and    Environmental       For  More  Information 


Polyethylene  oxide  (PEO)  is  a  non-toxic,  high-molecular 
weight,  nonionic  polymer.  The  U.S.  Environmental  Pro- 
tection Agency  has  given  approval  to  a  wide  variety  of 
applications  of  PEO  in  solution  including  in  agriculture  as 
soil  stabilizers,  crop  sprays,  and  seed  coatings.  It  is  not 
hazardous  to  the  environment;  it  breaks  down  in  nature  to 
other  inert  substances  over  a  time  span  of  a  few  months. 
It  evaporates  into  the  air  leaving  little  or  no  residue.  The 
U.S.  Food  and  Drug  Administration  has  also  given  wide 
approval  for  the  commercial  uses  of  PEO  including  as  an 
ingredient  in  denture  adhesives,  cosmetics,  soaps,  and 
detergents,  use  as  a  coating  of  or  ingredient  in  pharma- 
ceutical tablets,  and  as  a  foam  stabilizer  for  beer.  A  Mine 
Safety  and  Health  Administration  (MSHA)  inspection  de- 
termined that  there  were  no  measurable  toxic  substances 
or  carcinogens  associated  with  the  usage  of  PEO  in  mining 
operations  including  blasting  preparation,  drilling,  loading 
of  ANFO  in  blastholes,  or  after  blasting. 

Patent  Status 

Patent  4,959,164  entitled  "Rock  Fragmentation  Method" 
which  describes  the  use  of  PEO  for  enhanced  fragmen- 


Complete  details  on  both  Ohio  and  Pennsylvania  field 
drilling  tests  with  PEO  solutions  as  drilling  fluids,  are 
available  in  a  Bureau  of  Mines  Report  of  Investigation 
(RI)  9370,  entitled,  "Improved  Drilling  of  Coal  Measure 
Rocks  In  Underground  Mine  Void  Detection  and  Explora- 
tion Programs."  A  free  single  copy  of  this  publication  may 
be  obtained  by  writing  the  Bureau  of  Mines,  Publication 
Distribution  Section,  P.  0.  Box  18070,  Cochrans  Mill  Road, 
Pittsburgh,  PA  15236. 

Quantities  of  polyethylene  oxide,  PEO,  polymer  (variety 
5  million  molecular  weight)  are  available  commercially 
from  the  manufacturer.  To  ensure  proper  PEO  solution 
preparation  some  simple  mixing  guidelines  must  be 
followed. 

Answers  to  technical  questions  and  information  on 
proper  mixing  instructions,  PEO  manufacturer,  or  poten- 
tial cooperative  testing  of  PEO  in  field  applications  may  be 
obtained  by  contacting: 

Dr.  John  E.  Pahlman 

U.S.  Bureau  of  Mines 

Twin  Cities  Research  Center 

5629  Minnehaha  Avenue  South 

Minneapolis,  MN   55417 

(612)  725-4629  or  (612)  725-4500 


'■ 


,     ■■ 

( 


New  Technology  from  the 
U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior 


New  Ideas  For  Keeping  Miners  Away  From 
Unsupported  Roof 

Objective  crews  of  6  different  coal  mines.    The  interview  topics 

included  company  policies  and  actions  regarding  going 
under  unsupported  roof,  how  foremen  react  to  people 
who  go  under  unsupported  roof,  circumstances  likely  to 
cause  some  people  to  go  under  unsupported  roof  and 
how  to  prevent  these  situations,  and  observations  con- 
cerning those  who  go  under  unsupported  roof. 


Improve  the  health  and  safety  of  underground  mine 
workers  by  finding  ways  of  keeping  them  away  from 
unsupported  areas  of  the  mine. 

Background 

Roof  falls  have  been  the  leading  cause  of  fatal  acci- 
dents in  the  underground  coal  mining  industry.  During 
1985-89,  92  coal  miners  were  killed  by  falls  of  roof  and 
rib,  with  more  than  4,000  miners  injured.  According  to 
accident  investigation  reports  from  the  Mine  Safety  and 
Health  Administration,  47%  of  the  victims  of  these  fatal 
roof  fall  accidents  were  in  the  area  of  unsupported  roof 
at  the  time  they  were  killed.  There  is  an  urgent  need  to 
find  out  why  miners  go  under  unsupported  roof  and  to 
devise  strategies  for  preventing  this  unsafe  behavior. 

Approach 


To  discover  what  can  be  done  to  prevent  miners  from 
going  under  unsupported  roof,  confidential  interviews 
were  conducted  with  297  miners  who  work  in  the  face 


Interview  Findings 

The  following  are  a  few  of  the  findings  from  the 
interviews: 

(1)  When  asked  how  likely  it  is  that  their  foreman 
would  report  them  if  he  or  she  saw  them  go  under  un- 
supported roof  twice  within  the  same  week,  53%  of  the 
interviewed  miners  indicated  "likely,"  22%  said  they  had 
no  idea,  and  25%  said  "unlikely." 

(2)  82%  stated  that  they  could  recall  an  instance  in 
which  they  had  unintentionally  gone  under  unsupported 
roof.  Of  those  who  could  recall  such  an  instance,  24% 
indicated  that  the  most  recent  incident  had  occurred 
within  the  past  month. 

(3)  49%  indicated  that  they  had  seen  a  coworker 
under  unsupported  roof  within  the  past  6  months.  Of 
those  who  reported  having  observed  this,  72%  stated 


Figure  1  .—Antenna  used  by  bolting  machine  operators  to  gauge  the  distance  between  rows  of  bolts.   Arrow 
indicates  antenna.   (Courtesy  Jerry  Taylor,  Ohio  Valley  Coal  Co.,  Powhatan  No.  6  Mine.) 
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that  they  believed  the  person  was  aware  that  he  or  she 
was  inby  supports,  i.e.,  that  it  was  an  intentional  act. 
When  asked  what  the  coworker  was  doing  while  under 
unsupported  roof,  the  activities  mentioned  most  fre- 
quently were: 


•  Walking  through  unbolted  crosscuts 

•  Operating  a  continuous  miner 

•  Hanging  or  extending  ventilation  tube 

•  Retrieving  things  left  laying  on  the  ground 

•  Marking  the  roof  for  bolts 

•  Rock  dusting 

•  Operating  a  scoop 

•  Repairing  or  restoring  power  to  a  remote  con- 
tinuous miner 

•  Examining  a  roof  fall 

•  Operating  a  roof  bolter. 

The  interviewees  identified  several  ways  to  modify 
equipment  and  work  procedures  that  would  hopefully 
eliminate  many  of  the  circumstances  that  cause  people 
to  go  under  unsupported  roof.  One  problem  is  the  pro- 
per positioning  of  a  roof  boiling  machine  prior  to  instal- 
ling a  new  row  of  bolts.  Going  inby  the  last  row  of  bolls 
to  measure  and  mark  the  roof  prior  to  installing  ihe  next 
row  of  bolts  is  unsafe  because  unsupported  roof  could 
unexpectedly  fall  on  the  person  measuring  the  roof. 

One  employee  at  a  coal  mine  in  eastern  Ohio  came 
up  with  an  innovative  idea  for  eliminating  the  need  for 
anyone  to  get  close  to  unsupported  roof  in  order  to 
determine  the  proper  spacing  between  rows  of  bolls. 
He  suggested  welding  flexible  wire  antennas  onto  the 
boiler's  temporary  roof  support  system.  These  antennas 
serve  as  a  convenient  gauge  for  determining  whether  the 
next  row  of  bolls  is  going  to  be  spaced  the  appropriate 
distance  from  ihe  rib  and  from  the  last  row  of  bolts 
bordering  the  area  of  unsupported  roof.  This  simple 
equipment  modification  allows  bolting  machine  opera- 
tors to  establish  the  proper  spacing  between  bolls  quick- 


ly  and  accurately,  and  eliminates  the  need  for  anyone  to 
go  near  unsupported  roof  to  take  measurements. 

If  you  are  aware  of  any  changes  in  equipment  or 
work  procedures  that  would  help  to  keep  miners  from 
going  under  unsupported  roof,  please  contact  Robert  H. 
Peters  at  the  address  given  below. 


For  more  Information 


U.S.  Bureau  of  Mines  Information  Circular  (IC) 
9300,  "Miners'  Views  About  Why  People  Go  Under 
Unsupported  Roof  and  How  To  Slop  Them,"  by  Robert 
H.  Peters  identifies  several  situations  that  are  apt 
to  tempt  workers  to  perform  things  under  unsupported 
roof  and  lists  the  ideas  proposed  by  miners  to  prevent 
these  situations.  Another  recently  published  Bureau  re- 
port that  also  pertains  to  this  topic  is  IC  9283,  "Strat- 
egics for  Encouraging  Miners  To  Stay  Away  From  Un- 
supported Roof  and  Perform  Self-Protective  Actions," 
also  by  Robert  H.  Peters.  This  report  provides  guidance 
to  mining  companies  in  the  form  of  four  techniques 
for  influencing  miners  to  avoid  unsafe  acts  as  going 
under  unsupported  roof:  (1)  incentives  and  feedback, 
(2)  disciplinary  actions,  (3)  training,  and  (4)  nondirective 
techniques. 

A  single  free  copy  of  the  above  publications  may  be 
obtained  by  writing  to  the  Bureau's  Publication  Distri- 
bution Section,  P.O.  Box  18070,  Cochrans  Mill  Road, 
Pittsburgh,  PA  15236.  Additional  information  may  be 
obtained  by  contacting: 

Roberl  H.  Peters 
U.S.  Bureau  of  Mines 
Pittsburgh  Research  Center 
P.O.  Box  18070 
Pittsburgh,  PA     15236 
Telephone:    (412)  892-6895 
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Technology  Application 


Brookhaven  National  Laboratory 


Pressurized  Seal 


Releasable,  high  pressure,  radiation-resistant,  harsh  environment  fluid  seal.  Soft  metal  seal  is  deformed  by  a  fluid 
pressure  to  pressure  contact  sealing  surfaces.  Removal  of  pressure  releases  seal.  Sealing  pressure  must  be  greater 
than  pressure  being  sealed. 

Potential  Applications/Spinout  Uses:  Nuclear  power,  chemical  processing,  petroleum  drilling/processing. 

Literature:  Internal  draft  report  to  ORNL  from  BNL  re  the  advanced  neutron  source. 

FOR  ADDITIONAL  INFORMATION:  Margaret  C.  Bogosian,  Office  of  Technology  Transfer,  Brookhaven 
National  Laboratory,  Building  902-C,  Upton,  New  York  11973;  Phone:  Commercial  (516)  282-7338,  FTS  (516) 
666-7338.  Refer  to  BNL/AA-54  R. 
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NAVAL  CIVIL  ENGINEERING  LABORATORY 
PORT  HUENEME,  CALIFORNIA  93043 


Seawater  Ballast  Pump 


The  Naval  Civil  Engineering  Laboratory 
has  adapted  its  seawater  hydraulic  balanced 
vane  motor,  developed  for  powering  diver  tools, 
into  a  ballast  pump  for  submersible  vehicles. 
Figure  1  shows  the  ballast  pump  with  a  stacked 
etched  disk  inlet  filter  installed.  This  type  of 
filter  offers  minimal  inlet  restriction  and  it  has 
the  advantage  of  being  reusable. 

The  NCEL  pump  has  a  theoretical  displace- 
ment of  0.189  in.3  per  revolution.  It  delivers 
0.46  gpm  at  a  maximum  pressure  of  600  psi 
when  operated  at  1 ,800  rpm.   The  pump  per- 

Table  1.  Ballast  Pump  Specifications 


Filtration 

50  microns 

Input  Speed 

1,800  rpm 

Input  Power 

1  hp 

Output  Flow  Rate  at 

0.46  gpm  at  600  psi 

Maximum  Pressure 

Maximum  Operating 

90°F 

Temperature 

In-Air  Weight 

61b 

Envelope  Dimensions 

3  x  3  x  5.5  in.  (w/o  filter) 

z 


NAVAL  CIVIl  !NCINf[fllNCl«e0R4T0Rr       ^  PORT HUtNfME    CA 93043 


Figure  1.  NCEL  ballast  pump. 
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Figure  2.   Ballast  pump  performance  curves. 


formance  curves  are  provided  in  Figure  2.  The 
complete  list  of  pump  performance  specifica- 
tions is  provided  in  Table  1 .  The  components  of 
the  pump  are  expected  to  have  a  service  life 
expectancy  of  250  hours  based  on  the  earlier 
motor  development  work. 


NCEL  CONTACTS 

John  Kunsemiller,  Code  L45,  Construction  Systems  Division 

DSN  551-1007,  Comm  (805)  982-1007 

Jerry 

Dummer,  L03C,  Facilities  Engineering  Support  Office 

DSN  551-1599  Comm  (805)  982-1599 

Answering  Machine 

DSN  551-4070,  Comm  (805)  982-4070 
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Aerodynamic  Shutoff  Valve 

Fairings  enhance  an  internal  suction  system  for  porous-wing  !aminar-boundary-layer  control. 


Current  methods  of  producing  an  aero- 
dynamic butterfly  valve  require  a  sealing 
lip  for  the  valve  seat  or  a  large  butterfly  with 
O-nngs  or  the  equivalent.  Either  design  dis- 
turbs the  flow  and  generates  wakes,  result- 
ing in  turbulent  internal  noise.  A  new  design 
for  a  shutoff  valve  dramatically  reduces 
aerodynamic  drag  and  its  unwanted  effects. 

A  system  for  the  control  of  the  laminar 
boundary-layer  flow  on  the  wing  of  an  air- 
plane includes  a  porous  wing  surface  and 
a  suction  system  inside  the  wing  to  draw 
in  external  turbulence  and  prevent  the  tran- 
sition of  the  boundary  layer,  thereby  reduc- 
ing drag.  This  control  system  must  provide 
the  suction  quietly,  with  smooth  internal 
aerodynamic  surfaces.  Turbulent  internal 
noise  could  travel  from  a  shutoff  valve  up 
the  system  to  the  porous  surface  and  af- 
fect the  boundary  layer.  A  flow  as  quiet  and 
smooth  as  possible  is  required  during  all 
phases  of  the  operation  of  the  shutoff 
valve:  while  the  valve  is  fully  open,  while 
it  is  closed,  or  while  it  undergoes  a  transi- 
tion between  open  and  closed. 

This  type  of  aerodynamic  flow  has  been 
achieved  by  adding  fixed  fairings  (see  fig- 


O-Ring 
or  Other 
Seal 


Mounting 
Flange 
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i  Closed 


V/M//>A 


Open 


Butterfly 


i-vy 


Fairing 


^ 


Fixed  Fairings  Dramatically  Reduce 
Turbulence  in  the  airflow  system  that  in- 
cludes the  butterfly  valve. 

ure)  to  the  butterfly  valve.  When  the  valve 
is  fully  open,  the  fairings  are  aligned  with 
the  butterfly  and  reduce  the  wake.  How- 
ever, the  butterfly  is  free  to  turn,  so  that 
the  valve  can  be  closed,  while  the  fairings 
remain  fixed. 

This  design  significantly  reduces  turbu- 
lence in  the  flow  of  air  in  the  internal  suc- 


tion system.  This  valve  could  aid  in  the  de- 
velopment of  an  improved  porous-surface 
boundary-layer  control  system  to  reduce 
aerodynamic  drag.  Applications  are  expect- 
ed to  be  primarily  aerospace.  However,  the 
system  can  be  adapted  to  boundary-layer 
control  on  high-speed  land  vehicles. 

This  work  was  done  by  Raymond  H. 
Horstman  of  Boeing  Commercial  Airplane 
Co.  for  Langley  Research  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Langley  Research  Center.  Refer  to 
LAR-14196/TN. 

Langley  Research  Ctr. 

Technology  Utilization 

Officer:  Joseph  J  Mathis,  Jr 

Head,  TU  &  AO  Office 

Mail  Stop  200 

10  West  Taylor  Road 

Hampton,  VA  23665-5225 

(804)  864-2484 

Patent  Counsel: 

Dr.  George  F.  Helfnch 

Mail  Stop  143 

9A  Ames  Road 

Hampton,  VA  23665-5225 

(804)  864-3221 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Computational  Fluid 
Dynamics  Now  and 
in  the  Future 

Computer  simulations  are 
augmenting  and,  in  some 
cases,  replacing  experiments. 

A  technical  memorandum  reviews  the 
state  of  the  art  of  computational  fluid  dy- 
namics (CFD)  and  predicts  future  develop- 
ments and  applications.  The  memoran- 
dum notes  that  CFD  enables  the  study  of 
the  physics  of  flows  not  previously  un- 
derstood. CFD  is  now  applied  routinely  to 
complicated  flows  and  is  starting  to  in- 
fluence the  design  of  aerospace  vehicles. 
CFD  is  also  used  to  design  experiments; 
for  example,  it  helps  in  placing  surface  and 
field  probes,  correcting  measurements  for 
laboratory-induced  effects,  extrapolating 
experimental  results,  and  interpreting 
measurements. 

Major  elements  of  research  in  CFD  in- 
clude the  following: 

•  Validation  of  computer  codes:  Advanced 
optical  instrumentation  is  yielding  ac- 
curate, high-resolution  measurements 
for  comparison  with  computed  values  to 
show  that  modern,  complex  computer 
codes  for  CFD  are  accurate. 


•  Hypersonic  flow:  CFD  is  essential  to  the 
development  of  the  National  Aerospace 
Plane  because  ground  test  facilities  do 
not  exist  for  the  speeds  and  energies  in- 
volved in  flight  at  mach  numbers  up  to 
25.  CFD  promises  answers  to  questions 
about  real-gas  chemistry,  compressibil- 
ity, boundary-layer  transition,  surface 
heat  transfer,  and  the  structure  of  shock 
waves  —  all  effects  of  particular  impor- 
tance in  hypersonic  flight. 

•  Physics  of  turbulence:  The  merging  of  ex- 
periments with  CFD  provides  much  more 
information  about  turbulence  than  can  be 
gleaned  from  experiments  alone,  and 
thus  leads  to  better  turbulence  models. 

•  Scientific  visualization:  Advanced  com- 
puter workstations  are  used  both  to  dis- 
play and  to  analyze  the  results  of  nu- 
merical flow  simulations.  This  helps 
scientists  to  develop  solutions  to  flow 
problems  and  to  understand  the  solu- 
tions more  completely. 

In  the  future,  CFD  will  make  it  possible 
to  study  the  unsteady  flows  that  occur 
when  high-performance  aircraft  fly  at  large 
angles  of  attack.  It  will  predict  the  perform- 
ance of  aircraft  near  their  performance 
limits.  CFD  will  also  combine  subdisci- 
plines  of  chemistry  and  physics;  for  exam- 
ple, it  will  couple  finite-rate  chemistry  equa- 


tions with  the  Navier-Stokes  equations. 

New  developments  in  computer  equip- 
ment and  programs  will  help  to  advance 
CFD.  For  example,  parallel  processing  pro- 
mises to  increase  vastly  the  capability  of 
CFD.  Already,  Navier-Stokes  equations 
are  being  solved  on  a  16,000-processor 
computer.  In  addition,  expert-system  soft- 
ware will  help  scientists  divide  compli- 
cated flow  regions  into  several  zones,  each 
of  which  can  then  be  analyzed  with  a  rela- 
tively simple  grid.  Eventually,  artificial  in- 
telligence will  be  used  to  analyze  flow  pat- 
terns and  identify  those  of  greatest  interest. 

This  work  was  done  by  Paul  Kutler  and 
Anthony  Ft.  Gross  of  Ames  Research 
Center.  Further  information  may  be  found 
in  NASA  TM-100091  [N88-24579],  "Prog- 
ress and  Future  Directions  in  Computa- 
tional Fluid  Dynamics." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-12538/TN 
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Flow-Control  Devices 
for  Inlets  of  Indraft 
Wind  Tunnels 

Effects  on  the  nonuniformity 
of  flow  in  test  sections 
are  discussed. 

A  report  presents  a  theoretical  and  ex- 
perimental study  of  the  effects  of  antitur- 
bulence  flow-control  devices  in  the  inlet 
of  an  indraft  (as  opposed  to  closed-circuit) 
wind  tunnel  upon  the  nonuniformity  of  flow 
in  the  test  section  of  the  tunnel.  The  flow- 
control  devices  in  question  include  vanes, 
screens,  and  honeycombs,  and  they  are 
placed  in  the  inlet  upstream  of  the  con- 
tracting section  of  the  tunnel  that  leads 
from  the  inlet  to  the  test  section. 

This  study  was  motivated  primarily  by 
the  lack  of  understanding  of  the  flow  in  the 
inlet  as  it  passes  through  the  antiturbu- 
lence  devices.  For  a  wind  tunnel  that  has 
a  large  contraction  ratio,  this  lack  of  under- 
standing is  not  serious  because  the  rel- 
atively low  velocity  of  the  flow  through  the 
antiturbulence  treatment  reduces  the  sen- 
sitivity of  the  flow  to  nonuniformity.  Unfor- 
tunately, an  inlet  that  has  a  large  contrac- 
tion ratio  is  often  too  expensive  and  too 
large  to  build,  particularly  when  a  large  test 
section  is  desired.  A  large  body  of  literature 
concerning  the  performance  of  various 
flow-control  devices  that  reduce  turbulence 
in  test  sections  is  available.  However,  the 
effect  of  these  devices  on  test-section  flow 
nonuniformity  had  not  been  studied  pre- 


viously. Such  effects  are  particularly  strong 
in  tunnels  with  short,  low-contraction-ratio 
contracting  sections  that  could  satisfy  con- 
straints of  size  and  cost. 

For  the  theoretical  part  of  this  study,  the 
flow  in  the  wind  tunnel  is  approximated  as 
two-dimensional,  inviscid,  and  incompres- 
sible. The  mathematical  model  of  flow  is 
based  on  the  stream-function,  vorticity 
formulation  of  the  Euler  equations.  In  this 
model,  the  screens  are  represented  as  ac- 
tuator disks,  across  which  the  total  pres- 
sure is  discontinuous.  This  model  is  found 
to  yield  distributions  of  dynamic  pressure 
in  the  test  section  that  agree  well  with  ex- 
perimental distributions. 

Computations  with  this  model  also  yield 
insight  into  the  dynamics  of  the  overall  flow 
field.  In  particular,  it  is  found  that  the  pri- 
mary factor  that  determines  the  distribu- 
tion of  the  flow  passing  through  a  screen 
is  the  turning  of  the  flow  by  the  screen 
when  the  flow  strikes  the  screen  along  a 
direction  other  than  perpendicular  to  the 
plane  of  the  screen.  The  amount  of  turn- 
ing is  determined  by  the  drop  in  pressure 
through  the  screen  and  the  angle  of  onset 
of  the  flow  passing  through  the  screen. 

Further  analyses  illustrate  the  effect  of 
geometric  variations  on  the  relative  uni- 
formity or  nonuniformity  of  flow  in  the  test 
section.  Although  the  distribution  of  flow 
in  the  test  section  in  the  presence  of  a 
given  combination  of  inlet  geometry  and 
screens  can  be  calculated  accurately  by 
use  of  the  model,  the  design  of  a  small 
inlet  for  uniform  flow  is  still  a  formidable 


problem  because  of  the  strong  interaction 
between  the  inlet  geometry  and  the  char- 
acteristics of  the  screen.  In  the  explora- 
tion of  a  more  straightforward  design  ap- 
proach, a  cascade  of  vanes  was  placed 
in  the  inlet  to  provide  a  more  controllable 
mechanism  for  the  redistribution  of  flow. 
By  properly  tailoring  the  angles  of  the  in- 
dividual vanes,  one  can  produce  uniform 
velocity  in  the  test  section.  A  method  of 
analysis  based  on  existing  potential-flow 
methods  and  an  empirical  screen-pressure- 
drop  calculation  is  developed  to  demon- 
strate the  utility  of  the  inlet  cascade. 

The  accuracy  of  the  computations  is 
demonstrated  by  use  of  experimental  data 
from  tests  of  a  two-dimensional  indraft 
wind  tunnel.  The  computations  are  in  very 
good  agreement  with  the  data  in  all  cases. 
An  extension  of  the  results  for  the  inlet 
cascade  to  three  dimensions  is  demon- 
strated, and  a  successful  design  for  a  wind 
tunnel  is  presented. 

This  work  was  done  by  James  C.  Ross 
of  Ames  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-100050 
[N90-21778],  "Theoretical  and  Experimen- 
tal Study  of  Flow-Control  Devices  for  In- 
lets of  Indraft  Wind  Tunnels." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-12738/TN 
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Fractional-Step,  Finite-Volume  Computation  of  Flow 

The  Navier-Stokes  equations  of  incompressible  flow  are  solved  in  curvilinear  coordinates. 


A  method  of  solving  the  Navier-Stokes 
equations  of  incompressible  flow  in  gen- 
eral nonorthogonal  curvilinear  coordinates 
incorporates  the  fractional-step  and  finite- 
volume  approaches.  This  is  one  of  many 
methods  that  have  been  developed  in  the 
continuing  effort  to  achieve  accuracy  with- 
out the  need  for  excessive  computation 
time  in  the  numerical  simulation  of  time- 
dependent,  three-dimensional  flows  bound- 
ed by  surfaces  of  complicated  shape. 

In  the  fractional-step  approach,  the  so- 
lution is  advanced  in  two  stages  at  each 
time  step.  In  the  first  stage,  the  equations 
for  the  conservation  of  momentum  are 
solved  to  obtain  an  approximate  velocity 
field  that  is  not  necessarily  free  of  diver- 
gence; that  is,  does  not  satisfy  the  equa- 
tion of  continuity  (representing  the  conser- 
vation of  mass)  of  an  incompressible  fluid. 
In  the  second  stage,  the  pressure  and  ve- 
locity fields  are  corrected  to  satisfy  the 
equation  of  continuity.  This  requires  the 
solution  of  a  Fbisson  equation  with  Neumann 
boundary  conditions  (normal  derivatives 
specified  on  the  boundaries). 

In  the  finite-volume  approach  in  general, 
the  physical  region  is  divided  into  cells  de- 
noted by  the  body-fitted  or  other  curvilinear 
coordinate  grid,  and  the  basic  equations 
of  flow  are  stated  as  integrals  over  the  vol- 
umes and  surfaces  of  the  cells.  This  par- 
ticular finite-volume  approach  proceeds  from 
a  primitive-variable  formulation  in  which 
the  pressure  at  the  center  of  each  cell  and 
the  volume  flux  across  the  faces  of  each 
cell  (instead  of  the  Cartesian  components 
of  velocity,  as  is  customary)  are  the  de- 
pendent variables.  This  is  equivalent  to  using 
the  contravariant  components  of  velocity 
in  a  staggered  grid  multiplied  by  the  vol- 
umes of  the  computational  cells,  and  it 
makes  possible  a  simple  extension  of  the 
staggered-grid  spatial  discretization  to  gen- 
eral curvilinear  coordinates.  By  this  choice 
of  variables,  the  discretized  equation  for 
the  conservation  of  mass  can  be  satisfied 
easily,  and  the  convergence  of  the  com- 
putation toward  the  solution  of  the  Poisson 
equation  is  enhanced. 

The  fractional-step  approach  is  com- 
bined with  an  approximate  factorization 
of  the  equations  for  the  conservation  of 
momentum  in  a  way  that  permits  the  use 
of  the  physical  boundary  conditions.  An 


Times  as  Fractions  of  the 
'Vortex-Shedding  Cycle 


t  =  0 


t  =  1/4 


t  =  1/2 


t  =  3/4 


t  =  1 


The  Computed,  Time-Dependent,  Two-Dimensional  Flow  about  a  circular  cylinder  was  com- 
puted for  an  incompressible  fluid  with  a  Reynolds  number  of  200.  This  succession  of 
streamlines  illustrates  the  flow  at  various  stages  of  one  vortex-shedding  cycle 


efficient  algorithm  solves  the  Poisson 
equation  in  general  nonorthogonal  coor- 
dinates by  use  of  a  consistent  discrete  ap- 
proximation. The  discrete  approximation 
of  the  equations  of  flow  is  accurate  to  sec- 
ond order  in  both  time  and  space,  except 
that  the  pressure  is  computed  by  an  ap- 
proximation that  is  accurate  to  only  first 
order  in  time. 
The  method  has  been  tested  by  using 


it  to  compute  various  steady  and  unsteady 
flows  (see  figure).  The  computed  flows 
agree  well  with  those  of  other  computa- 
tions and  with  experimental  flows  over  a 
wide  range  of  Reynolds  numbers. 

This  work  was  done  by  Dochan  Kwak 
of   Ames    Research    Center,    Moshe 
Rosenfeld  of  MCAT  Institute,  and  Marcel 
Vinokur  of  Sterling  Sotware. 
ARC-12621/TN 
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Improved  Merge  Valve 


A  circumferential  design  combines  compactness  and  efficiency. 


Typical  merge  valves  in  current  use  are 
of  the  flapper-valve  variety.  The  flapper-valve 
design  is  proven  and  widely  accepted.  How- 
ever, an  alternate  concept  for  the  design 
of  merge  valves  is  proposed  for  use  in  situa- 
tions in  which  extreme  compactness  is  re- 
quired. With  this  new  valve  the  flow  in  the 
tributary  duct  is  introduced  along  the  cir- 
cumference of  the  primary  duct  through  a 
variable  throat  nozzle. 

The  circumferential  merge  valve  is  shown 
in  the  figure.  The  flow  through  the  tributary 
duct  is  controlled  by  the  variable  throat  noz- 
zle which  is  actuated  by  an  integral  worm- 
gear/screw-drive  mechanism.  By  this 
arrangement,  the  flow  in  the  main  duct  en- 
counters minimum  disturbance,  and  bet- 
ter mixing  is  achieved.  The  angle  of  entry 
of  the  tributary  flow  can  be  chosen  be- 
tween about  30°  and  90°,  enhancing  the 
adaptability  and  compactness  of  the  merge 
vatve.  Two  conceptual  arrangements  have 
been  proposed:  one  like  that  of  the  figure 
for  a  single-tributary  duct  and  another  (not 
shown)  for  two  tributary  ducts. 

The  improved  merge  vatve  features  in- 
creased compactness  (length  =  3  x  the 
diameter  of  the  exit)  in  comparison  with 


Bushing 


In  this  Remotely  Controlled  Valve,  the  flow 
in  a  tributary  duct  along  the  circumference 
of  a  primary  duct  is  merged  with  the  flow 
in  the  primary  duct.  The  flow  in  the  trib- 
utary duct  is  regulated  by  a  variable 
throat  nozzle  driven  by  a  worm  gear. 

the  well-designed  flapper  valve  (length  = 
7.5  x  the  diameter  of  the  exit).  The  valve 
provides  better  aerodynamic  efficiency  and 
better  mixing.  The  design  is  leak-proof,  and 
most  of  its  components  can  be  easily 
fabricated  on  a  lathe.  It  features  integral, 
self-locking  nozzle  control  and  requires  re- 
duced power,  and,  therefore  a  smaller  drive 
motor,  to  operate  This  design  has  a  distinct 


advantage  in,  for  example,  an  area  where 
the  three  main  ducts  merge  into  one  just 
upstream  of  a  turbocompressor.  In  this  situ- 
ation, there  is  no  room  to  put  in  a  good  flap- 
per valve,  whereas  the  proposed  valve  can 
be  readily  incorporated. 

This  work  was  done  by  Dez  George- 
Falvy  of  Boeing  Commercial  Airplane  Co. 
for  Langley  Research  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Langley  Research  Center.  Refer  to 
LAR-1417&TN. 
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Quick-Fit  Trailer  Coupling  for  a  Grader 

A  cheap  modification  makes  it  easy  to  hitch  a  heavy  trailer. 


A  ripper  attachment  on  a  grading  trac- 
tor has  been  adapted  to  lift  the  tongue  of 
a  trailer  tow  bar  hydraulically.  The  modi- 
fied ripper  makes  it  unnecessary  for  the 
tractor  operator  to  use  a  jack  or  fork  lift 
to  raise  the  tongue.  The  modified  ripper 
attachment  enables  the  tractor  operator, 
acting  alone,  to  hitch  the  trailer  to  the  trac- 
tor, without  the  expense  and  complication 
of  a  dedicated  hydraulic  lifting  mechanism 
for  a  trailer  hitch. 

The  ripper  attachment  was  modified  by 
welding  a  scrap  coupling  plate  and  large 
shackle  to  it  (see  figure).  The  modification 
took  less  than  2  h.  For  modification  of  rip- 
per attachments  in  quantity,  the  parts  could 
be  forged  and  machined  inexpensively. 

In  preparation  for  hitching  a  trailer,  the 
operator  simply  lowers  the  modified  rip- 
per attachment  by  use  of  the  hydraulic  rip- 
per power  until  the  shackle  is  aligned  with 
the  tongue  of  the  tow  bar.  The  operator 
slides  the  tongue  into  the  shackle,  closes 
the  shackle,  then  raises  the  ripper  attach- 
ment hydraulically  to  its  normal  position 
to  tow  the  trailer. 

This  work  was  done  by  Terry  A.  Soper 
and  Calvin    T    Moulton   of  Lockheed 
Engineering    and   Sciences    Co.    for 
Johnson  Space  Center. 
MSC-21773/TN 


Shackle 


Ripper 
Teeth 


The  Modified  Ripper  Attachment  includes  an  added  plate  and  shackle  for  connecting 
it  to  a  tow  bar.  The  modification  was  made  quickly  by  use  of  scrap  parts. 
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Net  Catches  Debris  From  Explosion 

A  device  restrains  fragments  and  absorbs  their  kinetic  energy. 


A  debris  catcher  uses  rip-away  stitching 
to  absorb  the  kinetic  energy  of  fragments 
driven  by  a  small  explosive  device.  The  rip- 
away  principle  is  also  adaptable  to  restraint 
belts  for  vehicles;  such  belfs  would  subject 
passengers  to  more  gradual  deceleration 
and  less  shock  than  conventional  belts  do. 

The  catcher  was  developed  for  the  emer- 
gency escape  system  in  the  Space  Shuttle, 
in  which  a  pyrotechnic  device  is  exploded 
to  blast  a  rectangular  hole  in  the  wall  of  the 
cabin.  The  explosion  ejects  debris  that 
could  puncture  pressure  vessels  in  the 
payload  bay.  The  debris  catcher  prevents 
this  dangerous  situation  by  containing  and 
decelerating  the  fragments  within  a  short 
distance. 

The  catcher  consists  of  a  honeycomb 
plug  backed  by  a  folded  web  of  aromatic 
polyamid  fabric  (see  Figure  1 ).  The  plug  — 
made  of  hexagonal-cell  honeycomb  alumi- 
num sandwiched  between  two  thin  alumi- 
num sheets  —  is  bonded  to  the  bulkhead 
over  the  pyrotechnic  device.  When  the 
pyrotechnic  charges  are  activated,  the 
plug  absorbs  debris  from  the  cut  bulkhead 
and  from  the  pyrotechnic  device.  The  ener- 
gy of  the  particles  traveling  at  400  ft/s  (122 
m/s)  detaches  the  plug  from  the  bulkhead 
and  drives  it  into  the  net. 

The  rapidly-moving  plug  extends  the  net , 
tearing  the  stitches  in  the  net  until  its  kinetic 
energy  is  expended  (see  Figure  2).  The  rip- 
away  stitching  limits  the  load  to  a  constant 
level  on  the  bulkhead  frame  to  which  the 
net  is  attached.  The  level  is  independent  of 
the  energy  of  the  explosion;  a  larger  pyro- 
technic charge  would  simply  rip  more 
stitches  and  extend  the  net  farther.  Thus, 
the  explosion  is  unlikely  to  tear  the  net 
away  from  its  frame.  Of  course,  enough 
stitched  net  must  be  allowed  for  the  maxi- 
mum expected  energy.  This  can  be  deter- 
mined from  a  simple  calculation  that  has 
proved  to  be  quite  accurate  in  tests. 

The  catcher  weighs  only  about  2.4  lb  (1.1 
kg).  It  is  compact:  it  extends  only  about  1.5 
in.  (3.8  cm)  from  the  bulkhead  when  folded. 
It  absorbs  the  usual  pyrotechnic  energy  in 
an  extension  of  only  6  in.  (15  cm). 

This  work  was  done  by  Jon  B.  Kahn 
and  William  C.  Schneider  of  Johnson 
Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries    concerning    nonexclusive    or 


Figure  1.  The  Net  of  Stitched  Webbing  folds  compactly  over  a  honeycomb  plug.  The  net  is  at- 
tached to  a  frame  that  mounts  on  the  wall  around  the  rectangular  area  to  be  cut  out  by  the 
explosion. 


LIGHTWEIGHT  DEBRIS  CATCHER  CONCEPT 


Kevlar  Net 

•  With  Rip-Away 
Stitching 


SHAPED  CHARGES 
ACTIVATED 


PANEL  AND 

"PICTURE  FRAME" 

DISCHARGED 


DEBRIS  CATCHER  STROKES 
WITH  RIP-AWAY  STITCHING 


DEBRIS  STOPPED 
WITHIN  9  INCHES 


Figure  2.  The  Sequence  of  Events  starts  with  the  explosion  of  shaped  charges.  The  honeycomb 
panel  absorbs  the  debris  from  the  explosion  and  crumples  into  the  net.  It  dissipates  its  energy  by 
ripping  about  9  in.  (1 5  cm)  of  stitched  net. 


exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21562/TN. 
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Self-Repriming  Heat  Pipe 

The  formation  of  bubbles  is  inhibited. 


A  modified  heat  pipe  reprimes  itself  if 
bubbles  develop  in  its  liquid-return  line.  Or- 
dinarily, a  heat  pipe  can  no  longer  func- 
tion when  a  bubble  forms  because  the 
bubble  blocks  further  movement  of  liquid 
into  the  evaporator  and  thus  terminates  the 
liquid-to-vapor  part  of  the  heat-pipe  cycle. 

The  self-repriming  heat  pipe  intrinsically 
inhibits  the  formation  of  bubbles  and  quick- 
ly eliminates  them  if  they  do  form.  The  op- 
eration is  completely  passive:  no  control 
mechanisms  or  additional  source  of  ener- 
gy are  needed.  It  is  therefore  well  suited 
to  service  in  a  remote,  unattended  place. 

In  the  self-repriming  heat  pipe,  the  liquid 
artery  in  the  evaporator  is  surrounded  by 
insulation  and  contains  a  small  concen- 
tric heat  pipe.  The  liquid  flowing  in  the 
artery  is  kept  slightly  below  the  boiling  tem- 
perature by  an  additional  flow  of  subcooled 
liquid  along  a  small  spur  line  that  branches 
away  from  the  main  body  of  the  liquid 
artery  at  the  condenser.  The  small  inter- 
nal heat  pipe  evens  out  the  distribution  of 
temperature  along  the  artery  in  the  evap- 
orator, helping  to  keep  all  the  liquid  in  the 
artery  subcooled.  If  bubbles  form  when  the 


Internal  Heat 
Pipe  (Runs  Length 
of  Evaporator) 


MAGNIFIED  CROSS  SECTION  OF 
ONE  LEG  OF  THE  EVAPORATOR 


The  Small  Spur  Line 
From  the  Condenser 

feeds  subcooled  liq- 
uid to  the  evaporator 
in  each  leg  (three  legs 
are  shown  here).  The 
subcooled  liquid,  in 
combination  with  the 
insulation  in  the 
evaporator  artery  and 
a  small  nonartenal 
internal  heat  pipe, 
maintains  the  liquid  in 
the  artery  slightly  be- 
low the  boiling  tem- 
perature. 


liquid  evaporates  too  fast  as  a  result  of  an 
excessive  load  of  short  duration,  the  pipe 
stops  functioning  temporarily,  but  the  sub 
cooled  bleed  flow  condenses  the  bubbles 
as  soon  as  the  load  is  reduced. 

The  principle  was  demonstrated  in  a 
large-artery,  high-capacity  heat  pipe  48  ft 
(14.6  m)  long.  Bubbles  were  intentionally  in- 
duced by  operating  the  pipe  well  above  its 


rated  heat  load.  The  heat  pipe  failed  but 
reprimed  itself  when  the  load  was  reduced 
and  resumed  full-load  operation.  The  un- 
modified version  of  this  heat  pipe  would 
not  recover  under  such  circumstances. 
This  work  was  done  by  John  Duschatko 
and  John  Oren  of  LTV  Missiles  and  Elec- 
tronics Group  for  Johnson  Space 
Center.  MSC-21761/TN 
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Soft-Capture  Mechanism  for  Collet  Joint 

Spring-loaded  latches  capture  a  collet  loosely. 


A  soft-capture  mechanism  is  part  of  a 
latching-and-rigidifying  mechanism  that 
joins  a  strut  rigidly  to  a  node  on  a  truss. 
The  latching-and-rigidifying  mechanism  is 
of  the  spreading-collet  type,  in  which  a  col- 
let (which  is  typically  fixed  on  the  end  of 
the  strut)  is  inserted  into  a  base  (which  is 
typically  fixed  on  the  node)  that  mates  with 
the  collet  to  assure  proper  alignment,  then 
the  collet  is  spread  to  rigidity  the  joint,  fix- 
ing the  alignment.  The  collet  is  designed 
to  be  operable  by  a  heavily  gloved  hand 
or  by  a  robot. 

The  soft-capture  mechanism  is  mount- 
ed in  the  base  and  consists  of  two  spring- 
loaded  latches  (see  figure).  During  inser- 
tion of  the  collet,  a  guide  ring  on  the  col- 
let (not  shown)  engages  in  the  guide  slot 
in  the  base,  and  the  outer  casing  of  the 
collet  is  pushed  into  the  base,  in  the  direc- 
tion shown,  between  the  spring  latches. 
Once  the  outer  casing  of  the  collet  is  in- 
serted far  enough,  the  latches  close 
around  this  casing,  thereby  gently  secur- 
ing the  joint  (soft  capture)  until  the  joint  can 
be  rigidified  by  expansion  of  the  collet. 

This  work  was  done  by  John  E.  Huff,  Jr., 
of  Johnson  Space  Right  Center. 
MSC-21735/TN 


>Base 


Retaining 

Rings 

LOOKING  ALONG  DIRECTION  OF  INSERTION 


LOOKING  PERPENDICULAR  TO 
DIRECTION  OF  INSERTION 


Spring-Loaded  Latches  are  spread  apart  by  a  collet  (not  shown)  as  it  is  inserted  into 
the  recess  in  the  base.  When  the  collet  has  been  pushed  most  of  the  way  in,  the  latches 
close  in  to  hold  the  collet.  Then  the  collet  is  expanded  to  lock  it  into  the  base  and 
rigidity  the  connection. 
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Unified  Formulation  of 
Dynamics  of  Robot  Arms 

Algorithms  and  the 
interrelations  among 
them  are  clarified. 

A  report  presents  an  analysis  of  a  varie- 
ty of  algorithms  that  have  been  developed 
in  recent  years  to  solve  the  equations  of 
motion  of  multiple-rigid-link  robot  arms. 
Most  of  the  discussion  is  about  the  for- 
ward-dynamics problem  (given  the  forces 
and  torques  on  the  joints  between  the 
links,  find  the  linear  and  angular  accelera- 
tions of  the  links),  as  distinguished  from 
the  inverse-dynamics  problem  (find  the 
forces  and  torques  that  produce  the  given 
accelerations).  Rather  than  reproduce  the 
original  rationale  that  led  to  the  develop- 
ment of  the  various  forward-dynamics 
algorithms,  the  techniques  of  spatial-op- 
erator algebra  are  used  to  derive  the  al- 
gorithms concisely  and  study  the  relation- 
ships among  them. 

The  spatial-operator  algebra  is  a  theo- 
retical framework  for  the  analysis  of  the 
dynamics  of  multibody  systems.  Spatial 
operators  and  the  identities  among  them 
provide  concise  descriptions  of  the  equa- 
tions of  motion  and  the  means  to  study 
the  structures  of  those  equations  and  to 
derive  algorithms  to  solve  them.  In  this 
study,  a  coordinate-free  notation  is  used 


to  decouple  the  formulation  of  algorithms 
from  the  computational  implementation  of 
algorithms.  This  coordinate-free  formula- 
tion makes  it  possible  to  study  the  struc- 
tures of  the  various  forward-dynamics  al- 
gorithms. 

The  report  contains  eight  sections  and 
an  appendix;  the  major  developments  are 
presented  in  sections  2  through  6.  In  sec- 
tion 2,  the  equations  of  motion  are  de- 
veloped and  the  coordinate-free  notation 
is  introduced  in  the  process.  The  spatial 
operators  are  also  introduced,  and  the 
equations  of  motion  are  recast  in  a  con- 
cise form. 

Each  algorithm  is  characterized  by, 
among  other  things,  a  semiquantitative 
measure  of  its  complexity,  OiNk),  mean- 
ing that  it  calls  for  a  number  of  arithmetical 
operations  proportional  to  a  number  of  the 
order  of  Nk,  where  N  is  the  number  of 
degrees  of  freedom  in  the  particular  dy- 
namical problem  and  k  =  1,  2,  or  3.  Sec- 
tion 3  of  the  report  discusses  the  class  of 
0(/V3)  forward-dynamics  algorithms, 
which  are  based  on  the  explicit  computa- 
tion of  the  mass  matrix,  M,  followed  by  the 
0(A/3)  process  of  solving  the  linear  matrix 
equation  /W/3  =  f,  where  /?  is  a  general- 
ized joint-acceleration  vector  and  f  is  a 
generalized,  bias-free  vector  of  forces  and 
torques  on  joints.  It  is  shown  that  among 
three  0(/V3)  algorithms,  the  one  based  on 
the  composite-rigid-body  inertias  takes  the 


most  advantage  of  the  structure  of  the 
equations  of  motion  and  is  the  most  ef- 
ficient. 

Section  4  discusses  four  OiN2)  for- 
ward-dynamics algorithms:  two  based  on 
the  conjugate-gradient  method,  the  other 
two  based  on  repeated  solutions  of 
triangularized  systems  of  equations.  The 
latter  two  are  shown  to  be  equivalent. 

Section  5  presents  a  derivation  of  the 
articulated-body  algorithm,  which  is  a  gen- 
eralized 0(A/)  forward-dynamics  algorithm. 
This  algorithm  is  used  to  discuss  and  com- 
pare a  number  of  previously  developed 
0(N)  forward-dynamics  algorithms,  which 
are  shown  to  be  essentially  the  same 
algorithm  with  minor  differences. 

Section  6  presents  a  derivation  of  oper- 
ator factorizations  and  inversion  of  the 
mass  matrix.  It  indicates  the  connection 
with  the  factorizations  used  in  Kalman-filter 
theory,  suggesting  that  Kalman  analysis 
is  applicable  to  multibody-dynamical  prob- 
lems. It  also  shows  that  the  O(N)  articu- 
lated-body algorithm  follows  as  a  direct 
consequence  of  the  operator  factorizations. 

This  work  was  done  by  Abhinandan 
Jain  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  "Unified  Formulation  of 
Dynamics  for  Serial  Rigid  Multibody 
Systems."  NPO-18040/TN 
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Variable-Orifice  Oxygen-Flow  Regulator 

The  design  minimizes  erosion  and  accidental  ignition  caused  by  entrained  metal  particles. 


A  special  valve  is  designed  to  regulate 
the  flow  of  hot,  high-pressure  oxygen  [max- 
imum operating  pressure  and  temperature 
4,600  psia  (31.7  MPa)  and  530  °F  (550  K), 
respectively].  In  the  basic  design,  it  is  ac- 
tuated by  a  solenoid,  switchable  between 
a  fully  open  and  a  partially  open  orifice  po- 
sition. Although  the  valve  is  designed  for 
use  with  oxygen,  it  could  also  be  used  with 
a  variety  of  liquids  and  gases. 

Among  the  principal  considerations  in 
the  design  are  the  need  to  minimize  ero- 
sion of  the  interior  surfaces  of  the  valve 
by  particles  entrained  in  the  flow  of  oxygen 
and  the  need  to  minimize  the  probability 
of  ignition  caused  by  impacts  of  the  par- 
ticles on  the  surfaces.  Previous  designs 
for  flow-regulating  valves  have  involved  tor- 
tuous flow  paths  with  excessive  complica- 
tion, tendency  toward  binding,  and  high 
susceptibility  to  ignition.  In  contrast,  the 
present  valve  design  features  a  straight- 
through  flow  path  that  is  all  but  immune 
to  the  undesired  effects,  a  mechanism  that 
cleans  itself  of  debris,  simplicity  (with  con- 
sequent ease  of  fabrication  and  greater  re- 
liability), fewer  and  sturdier  parts,  and  low 
impact  velocities  for  entrained  particles. 
In  addition,  the  valve  mechanism  has  low 
friction,  and  it  switches  rapidly  between 
the  two  flow-regulating  orifice  positions. 

The  valve  includes  an  orifice  fixed  in  a 
housing  and  an  orifice  in  a  piston  that 
slides  in  the  housing  against  the  fixed 
orifice  (see  figure).  The  piston  is  spring- 
loaded  downward  into  the  fully  open  posi- 
tion, in  which  the  two  orifices  are  aligned. 
When  the  solenoid  is  turned  on,  it  pulls  the 
piston  upward  into  the  partially  open  posi- 
tion, in  which  the  two  orifices  are  laterally 
misaligned,  effectively  reducing  the  cross 
section  of  the  combined  orifices  and  there- 
by impeding  the  flow. 

Because  a  relatively  short  solenoid  stroke 
is  required,  one  can  take  advantage  of  a 
large  solenoid  force  to  assure  rapid,  trouble- 
free  operation.  The  matching  configura- 
tions of  the  fixed  orifice  and  the  movable 
orifice  in  the  piston  reduce  undesired  ef- 
fects associated  with  erosion  and  with  par- 
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The  Variable-Orifice  Flow-Control  Valve 
is  switchable  between  fully  and  partially 
opened  positions.  The  straight-through  flow 
path  minimizes  high-speed  impacts  of  en- 
trained particles,  reducing  erosion  and  ac- 
cidental ignition. 

tide-impact  ignitions  at  some  impact  angles 
of  incidence.  In  alternative  versions,  the 
valve  could  be  actuated  by  pneumatic,  hy- 
draulic, or  centrifugal  mechanisms,  and 
there  could  be  more  than  two  flow-regulat- 
ing orifice  positions.  In  addition,  the  basic 
design  concept  encompasses  such  other 
fixeckxitrce/ptston-orifice  configurations  as 
circular  for  reduced  disruption  of  flow,  slot- 


ted for  maximum  metering  effect  in  a  small 
stroke,  or  triangular  for  variable  metering 
per  unit  increment  of  stroke 

This  work  was  done  by  Rollin  C. 
Christianson  of  Lockheed  Engineering  & 
Sciences  Co.  for  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21549/TN. 


< 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airpon,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Technology  Application 


Brookhaven  National  Laboratory 


Locator  of  Corrosion 


The  method  consists  of  measuring  the  electrochemical  potential  on  both  sides  of  an  inflatable  balloon  which  blocks 
off  water  within  a  pipe.  From  the  difference  in  potential,  the  side  where  corrosion  takes  place  can  be  determined. 

Potential  Applications/Spinout  Uses:  Many  types  of  pipelines  carrying  water  or  conducting  solutions. 

Literature:  H.  S.  Isaacs  and  B.  Vyas,  "Scanning  Reference  Electrode  Techniques  in  Localized  Corrosion",  ASTM 
STP  727,  American  Society  for  Testing  and  Materials,  1981,  Edt,  F.  Mansfeld  and  V.  Bertocci,  pp.  3-33. 

FOR  ADDITIONAL  INFORMATION:  Margaret  C.  Bogosian,  Office  of  Technology  Transfer,  Brookhaven 
National  Laboratory,  Building  902-C,  Upton,  New  York,  1 1973;  Phone:  Commercial  (516)  282-7338,  FTS  (516) 
666-7338.  Refer  to  BNL/AA-51  R. 
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U.S.  Department  of  Agriculture 


Heed  the  Mummichog 


A  beautiful  small  fish  called  the  mummichog  may  be  the  environmental  canary  of  the  1990's,  at  least  for  brackish 
bays  or  estuaries  along  the  East  Coast.  Mummichogs  develop  tumors  in  the  presence  of  carcinogenic  water 
pollutants. 

Carcinogens  can  come  from  industrial  discharges,  municipal  waste,  agriculture,  and  even  natural  sources. 

"We're  testing  mummichogs  as  biological  indicators  of  water  quality,  to  be  sure  farm  chemicals  -  fertilizers  and 
pesticides  -  are  used  safely,"  says  George  Gassner,  an  ARS  biologist  in  Beltsville,  Maryland.  "The  mummichogs 
would  be  living  sensors  something  like  canaries  used  to  detect  toxic  gases  in  mines  at  the  turn  of  the  century." 

"But  unlike  exposing  canaries  to  potentially  fatal  doses  of  gas,  we're  not  threatening  mummichog  lives,"  Gassner 
adds. 

In  fact,  Gassner's  work  with  mummichogs  very  much  resembles  the  care  of  people  in  the  best  of  hospitals. 

He  removes  fish  from  one  of  three  saltwater  aquaria  and  gently  anesthetizes  them  and  wraps  them  in  plastic  foam 
blankets  that  protect  the  fish  from  handling  damage  and  drying. 

The  blanketed  fish  is  carefully  placed  in  a  plastic  tube  and  inserted  into  a  nuclear  magnetic  resonance  imaging 
scanner,  a  smaller  version  of  the  expensive  MRI  machines  used  in  hospitals  for  noninvasive  diagnoses  in  place  of 
surgical  biopsies. 

The  machine  produces  longitudinal  views  of  the  fish's  interior;  it  "reads"  magnetic  energy  related  to  a  temporary 
magnetic  rearrangement  of  hydrogen  atoms  when  the  scanner  is  switched  on.  The  hydrogen  atoms  are  in  water 
molecules  that  are  chiefly  found  in  tissue.  As  in  a  hospital,  Gassner  uses  the  scanner  to  search  for  early  signs  of 
liver  cancer. 


Developmental  biologist  George  Gassner  (background)  and  electrical  engineer  Michael  Line  discuss  liver  pathology  in  a  mummichog  in 
which  a  tumor  has  been  found.  (K-3826-1 ) 
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Once  the  scanner  is  switched  off,  the  atoms  return  to  their  original  positions  at  different  rates  depending  on  the 
tissue  type  and  whether  it  is  healthy  or  diseased.  By  measuring  these  rates  in  fish  livers,  Gassner  tries  to  identify 
tissue  change  not  previously  detectable  and  link  that  change  to  liver  cancer  developed  later  in  life. 

Gassner  is  interested  in  mummichogs  as  part  of  the  ARS  Environmental  Chemistry  Laboratory's  search  for 
biosensors  -  living  plants,  animals,  or  tissues  used  to  give  an  early  indication  of  the  presence  of  dangerous 
pollutants. 

Last  year,  Gassner  discovered  that  extensive  data  had  been  collected  on  mummichogs  from  clean  and  creosote- 
contaminated  sites  in  Virginia's  Elizabeth  River. 

Through  autopsies,  Wolfgang  K.  Vogelbein,  an  aquatic  animal  pathologist  at  the  Virginia  Institute  of  Marine 
Science  (VIMS)  in  Gloucester  Point,  Virginia,  found  a  high  prevalence  of  liver  cancer,  35  percent,  in  mummichogs 
living  in  contaminated  sites. 

Gassner  saw  Vogelbein's  data  as  a  chance  to  prove  that  a  fish  like  the  mummichog  is  ideally  suited  for  evaluation 
as  a  biosensor  by  MRI.  "Here  was  a  potential  model  biosensor  with  a  database  that  would  provide  us  with  some 
background  to  step  into,"  Gassner  says. 

In  a  cooperative  effort  with  Vogelbein,  Gassner  has  since  used  MRI  to  detect  cancer  in  the  fish  without  performing 
an  autopsy. 

Gassner  says  keeping  the  fish  alive  allows  repeated  measurements  on  the  same  fish.  This  is  much  more  accurate 
than  taking  measurements  at  different  stages  from  many  different  fish  and  using  statistics  from  a  group  of  fish,  he 
says. 

Now  the  scientists  can  follow  the  growth  of  tumors  in  live  fish  taken  from  polluted  waters.  They  can  also 
determine  what,  if  any,  environmental  changes  would  reverse  tumor  formation. 

"Individual  fish  are  preserved  unharmed  for  long-term  study  and  can  be  returned  to  their  natural  habitat 
unchanged,"  Gassner  says.  As  proof,  he  points  to  his  favorite  -  a  healthy  3-inch  male  mummichog  swimming  in  an 
aquarium  decorated  with  artificial  rocks.  This  "patient"  has  logged  a  record  1  hour  and  18  minutes  in  the  scanner. 

Gassner  considers  these  fish  good  candidates  as  environmental  sentinels  because  they  are  nonmigratory  and 
abundant  along  the  enure  East  Coast.  He  believes  localized  populations  may  therefore  reflect  the  health  of  their 
immediate  environment. 

The  fish  are  gray  on  top  with  white  underbellies.  The  top  and  bottom  fins  and  tail  have  silver  sparkles  on  a  black 
background.  There  are  also  sparkles  elsewhere  on  the  body. 

They're  also  small  and  hardy,  which  makes  them  well  suited  to  study. 

"Using  this  approach,  environmental  scientists  and  managers  from  federal,  state,  and  local  agencies  can 
periodically  monitor  fish  from  various  waterways,  tag  them  for  future  studies,  and  return  them  to  the  rivers  and 
bays  unharmed,"  Gassner  says. 

He  says  the  fish  could  be  used  to  monitor  estuaries  worldwide.  And  fish  aren't  the  only  candidates  for  the  MRI 
early  warning  system.  Gassner  is  already  considering  crawfish,  clams,  and  oysters  and  other  shellfish. 

C.  Richard  Amerman,  ARS  scientific  planning  adviser,  says  Gassner's  work  may  contribute  a  valuable  assessment 
tool  to  support  me  President's  Water  Quality  Initiative,  a  national  program  begun  in  1989  to  ensure  safe  farming 
techniques. 

FOR  ADDITIONAL  INFORMATION:  George  Gassner  is  at  the  USDA-ARS  Environmental  Chemistry 
Laboratory,  BARC-West,  10300  Baltimore  Ave.,  Beltsville,  MD  20705-2350.  Phone  (301)  344-1030. 
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Computer-Generated  Illustrations  (CGI) 


This  Industrial  Modernization  Incentives  Program 
(IMIP)  project  was  implemented  at  the  LTV. 
Dallas,  Texas  facility. 


The  project  reduces  labor  costs  by  implementing  a 
computer  based  system  to  interactive!)  incorporate 
illustrations  into  shop-floor  instructions.  The  svsiem 
reduces  labor  costs  on  the  production  floor  h\ 
providing  production  operators  and  inspectors  with 
simple,  direct  graphics  which  better  illustrate  the 
work  to  be  accomplished. 


CGI  uses  and  modifies  existing  systems  and 
technologies.  The  illustrations  will  be  created  by  a 
specially  trained  illustrator  using  the  CAD/CAM 
software.  CADAM.  The  illustrations  will  be  created 
from  the  Engineering  Database  existing 
electronically  in  CADAM  for  2-D  drawings  and 
NCAD  for  3-D  layouts.  Both  of  these  systems  exist 
on  an  IBM  Mainframe  Computer. 
Illustrations  are  integrated  into  the  existing  LTV 
proprietary  Planning  and  Work  Order  Release 
System,  MCS  II  which  is  an  IMS  Database  on  the 
same  IBM  Mainframe.  This  integration  required  the 
development  of  a  second  illustration  cross-reference 
and  release  control  database  in  DB2.  The  plot  files 
required  to  print  illustrations  were  created  using 
off-the-shelf  software  from  IBM  and  Xerox.  The 
plot  files  are  incorporated  into  the  production  print 
job  run  on  a  Xerox  laser  printer. 
CADAM  and  DB2  are  IBM  proprietary  products. 
NCAD  is  a  Northrup  Aircraft  Corp.  proprietary 
product. 


The  Computer  Generated  Illustrations  (CGI)  project 
has  an  estimated  total  savings  in  excess  of  $4.5 
million  over  the  B-2  program  life.  Major  benefits  of 
CGI  include: 

—  Discontinued  use  of  manually  retrieved, 
hard-to-read  engineering  prints 

—  Improved  operation  instructions 

—  Improved  parts  identification 

-  Reduced  time  necessary  to  perform 
assembly  operations 

—  Increased  quality 

-  Increased  checking  and  feedback 
information  available  to  the  planner 
Improved  downline  operations  (e.g.,  quality 
inspection  and  buy  off) 

-  Enhanced  control  of  illustrations  through 
creation,  release,  revision,  and  incorporation 
into  planning 

-  Improved  tools  to  create  a  variety  of 
illustrations  economically  and  quickly 


The  system  controls,  prints  and  distributes 
illustrations  as  part  of  shop  floor  planning.  The 
illustrations  are  created  for  applications  where  an 
engineering  computer-aided  design/computer-aided 
manufacturing  (CAD/CAM)  database  exists. 
Currently  this  project  is  being  applied  to  sub- 
assemblies involving  installation  of  system 
elements  such  as  tubing  and  wiring.  These 
operations  are  deemed  to  present  the  most  difficulty 
for  production  assemblers  given  the  complexity  of 
the  assemblies  and  associated  engineering 
documentation.  In  addition,  the  capability  will  be 
utilized  as  a  prevention  against  erroneous  fastener 
installation  by  providing  clear  illustrations  of 
critical  fastener  locations  and  sealing  requirements 
within  the  simplified  illustrations. 
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Printing  of  illustrations  is  accomplished  using 
off-the-shelf  software.  Integration  with  in-house  systems 
may  be  proprietary/site  specific. 


FOR  ADDITIONAL  INFORMATION:  Wright 
Laboratory,  WL/MTX  (Robert  Reifenberg),  Wright- 
Patterson  AFB,  OH  45433-6523;  (513)255-7362 
Refer  to  MT91004C1. 
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Rapid  Prototyping 


Rapid  prototyping  is  a  new  technology 
which  is  viewed  by  manufacturers  as 
a  competitive  edge  in  getting  new 
products  to  market  quickly.  It  allows 
manufacturing  companies  to  make 
models  of  new  designs  much  faster 
than  older  conventional  model  making 
methods. 

A  recent  study  conducted  by  the  Busi- 
ness Research  Group  found  that  the 
average  cycle  time  to  create  a  manual 
prototype  model  is  about  six  weeks. 
Rapid  prototyping  can  dramatically 
reduce  this  time  by  going  from  a 
computer  aided  design  (CAD)  model 
to  a  finished  piece  in  a  matter  of 
hours. 

Several  rapid  prototyping  technologies 
are  available.  Some  of  the  most  pop- 
ular are  Stereolithography,  Laminated 
Object  Manufacturing,  the  Selective 
Laser  Sintering  process,  and  Fused 
Deposition  Modeling. 

Each  rapid  prototyping  system  utilizes 
the  same  initial  approach.  A  central 
processing  unit  (CPU)  analyzes  the 
CAD  file  and  defines  the  object  to  be 
fabricated.  The  CPU  slices  the  object 
into  thin  cross  sections  and  maintains 
each  in  a  file.  The  cross  sections  are 
then  recreated  one  by  one  by  solidify- 
ing liquids,  powders,  or  solids. 


By  using  this  new  technology,  numer- 
ous design  revisions  can  be  made 
quickly  and  economically  to  optimize 
the  prototype  prior  to  production. 
Production  tooling  design  can  also  be 
accomplished  during  system  develop- 
ment. Decreases  occur  in  prototype 
cost  and  development  cycle  time  and 
designers  have  increased  ability  to 
detect  design  flaws  prior  to  hardware 
fabrication. 

SUCCESS  STORY 

A  success  story  for  rapid  prototyping 
was  recently  demonstrated  by  the  U.S. 
Air  Force.  The  Strategic  Air  Com- 
mand had  issued  a  safety  modification 
on  all  B-52  brake/rudder  pedals.  The 
safety  modification  required  the  Air 
Force  to  redesign  the  pedal.  By  using 
rapid  prototyping  to  produce  the  rede- 
signed pedal,  Air  Force  engineers 
saved  the  Government  approximately 
$800,000. 

The  savings  were  achieved  by  pre- 
venting production  of  a  faulty  pedal 
design,  which  the  rapid  prototype 
model  clearly  demonstrated  would  not 
fit  correctly.  The  entire  prototype  and 
verification  process  took  six  weeks. 
The  conventional  method  would  have 
required  16  weeks  to  accomplish. 


FOR  ADDITIONAL  INFORMATION:  Contact  George  W.  Hopkins,  U.S.  Army  Material  Command,  (703)  274- 
8808. 
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Stereolithography 


Stereolithography  is  a  rapid  proto- 
typing technique  that  is  important  as  a 
concurrent  engineering  tool.  It  is  used 
during  the  design  and  production 
phases  to  produce  experimental,  proto- 
type or  finished  component  parts  and 
tooling.  Stereolithography  is  assisting 
the  industrial  move  towards  a  paper- 
less design  environment.  Using  stere- 
ographic  computer  programs,  3-D 
models  can  be  created  that  automati- 
cally build  up  the  modeling  materiel 
to  match  the  shape  stored  in  the  com- 
puter's memory. 

Designs  stored  in  Computer  Aided 
Design  (CAD)  databases  are  trans- 
ferred to  stereolithographic  equipment 
for  production  of  plastic  component 
models.  Parts  produced  provide  de- 
sign validation  and  sometimes  can  be 
used  in  fully  functional  prototype 
equipment. 

Stereolithographic  models  used  in  the 
investment  casting  process  are  com- 
pensated with  proper  metal  shrinkage 


factors.  Castings  are  produced  in 
approximately  one-half  the  normal 
time  with  substantially  lower  costs. 
The  castings  maintain  fidelity  to  the 
design  database  which  eliminates  the 
errors  in  translation  from  drawing  to 
casting  pattern. 

For  rapid  tool  manufacturing,  stereo- 
lithography and  thermal  spraying 
operation  can  be  integrated.  Using 
stereolithography  apparatus  plastic 
prototype  models  are  built  directly 
from  a  vat  of  liquid  photocurable 
polymer  by  selectively  solidifying  it 
with  a  scanning  laser  beam. 

Thermal  spraying  is  then  used  to 
incrementally  deposit  metal  onto  the 
models.  The  freestanding  metal  struc- 
ture is  formed  by  separating  the  metal 
shell  from  the  plastic  substrate.  A 
broad  range  of  tooling  can  be  fabricat- 
ed including  injection  molds,  forming 
dies  and  Electro-Discharge  Machining 
(EDM)  electrodes. 


FOR  ADDITIONAL  INFORMATION:  Contact  Mr.  George  Bugarin,  U.S.  Army  Tank-Automotive  Command 
(313)574-5828. 
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National  Center  for  Excellence  in  Metalworking 
Technology  (NCEMT) 

9        Navy  Technology  Fact  Sheet 

Metalworking  Laboratories  and  the  Atlas  of 
Formability 


Two  metalworking  laboratories,  a  Mate- 
rials Testing  Laboratory  and  an  advanced 
Metallographic  Laboratory  support  the  Atlas 
of  Formability  and  other  NCEMT  programs. 
The  Materials  Testing  Laboratory  provides 
information  on  how  processing  parameters 
affect  the  flow  stress  and  ductility  of  materials 
undergoing  plastic  deformation.  The  Metallo- 
graphic Laboratory  provides  insight  into  the 
microstructural  evolution  taking  place  in  ma- 
terials during  forming  processes.  Methods 
and  procedures  are  continually  improved  and 
updated  to  assure  state-of-the-art  capabilities 
in  these  rapidly  evolving  technologies. 

Materials  Testing  Laboratory 

Test  conditions  in  the  Materials  Testing 
Laboratory  simulate  processing  parameters 
used  by  industry.  Mechanical  properties  un- 
der investigation  include:  stress-strain  rela- 
tions at  elevated  temperatures,  strain  rates, 
workability,  forming  limits,  and  strain  to  frac- 
ture. 

The  Materials  Testing  Laboratory  has 
three  major  pieces  of  equipment:  a  55,000  lb. 
capacity  Deformation  Testing  System,  a  Cam 
Plastometer,  and  a  Tinius  Olsen  Duct-O-Matic 
machine. 


The  Deforma  tion  Testing  System  is  based 
on  a  closed-loop  servohydraulic,  computer 
controlled,  material  deformation  test  machine. 
The  system  has  an  environmental  furnace  that 
operates  at  temperatures  up  to  2500°  C.  The 
furnace  can  maintain  temperature  stability 
within  1  C°.  The  system  allows  for  rapid 
quenching  in  argon  after  deformation  at  rates 
up  to  500  in/in/min.  A  variety  of  tooling 
materials,  TZM,  graphites,  tungsten  carbide, 
and  silicon  carbide  are  being  used  to  perform 
compression  and  bend  tests  at  temperatures 
up  to  2000°  C. 

The  Cam  Plastometer  is  a  high  speed 
compression  testing  device  that  simulates  pro- 
cessing conditions  of  hammer  forging.  This 
machine  was  originally  constructed  for  Los 
Alamos  National  Laboratory  and  is  the  only 
one  of  its  kind  in  the  United  States.  It  is 
currently  being  rebuilt  for  elevated  tempera- 
ture testing  at  temperatures  up  to  1500°  C  and 
for  load  capacities  to  100,000  lb. 

The  Tinius  Olsen  Duct-O-Matic  is  a  hy- 
d radically  powered  sheet  metal  tester  that 
simulates  sheet  metal  forming  through  a  hemi- 
spherical ball  punch  test.  This  machine  has 
punching  speeds  up  to  1,000  in/min.  Planned 
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enhancements  to  this  machine  include  a  com- 
puterized test  control  and  data  acquisition  sys- 
tem and  a  real-time  data  communication  and 
on-screen  signal  display.  High  temperature 
testing  capabilities  are  also  being  developed. 

Metallographic  Laboratory 

The  Metallographic  Laboratory  provides 
information  for  predicting  defect  formation 
and  accumulation  during  processing  and, 
therefore,  final  product  quality. 

The  Metallographic  Laboratory  consists 
of  sample  preparation  and  microstructural 
examination  units.  The  sample  preparation 
unit  is  comprised  of  several  machines  that 
allow  preparation  of  specimens  for  microstruc- 
tural examination.  The  unit  includes  an  abra- 
sive cut-off  wheel,  mounting  press,  grinders, 
automated  polishers,  electropolishing,  and 
electrochemical  etching  equipment. 

The  microstructural  examination  unit  in- 
cludes instruments  for  low  and  high  magnifi- 
cation material  characterization.  Magnifica- 
tion analyses  are  conducted  on  the  Tracor- 
Northern  Scanning  Electron  Microscope  which 
is  capable  of  secondary  and  back-scattered 
electron  imaging  and  X-ray  energy  dispersive 
spectroscopic  analysis. 

Atlas  of  Formability 

An  implementation  methodology  to  op- 
timize existing  forming  practices  as  well  as 
first-time  process  designs  are  being  made  avail- 
able to  industry.  This  methodology  is  appli- 
cable to  the  wide  range  of  materials  incorpo- 
rated into  the  Atlas  of  Formability,  including 
present  day  Navy  materials,  new  generation 
intermetallic  compounds  and  future  genera- 
tion intermetallic  matrix  composites. 

Government  and  industry  can  use  the 
Atlas  of  Formability  data  to  evaluate  and  opti- 
mize existing  metalforming  processes,  and 
more  importantly,  to  design  future  "right-the- 
first-time"  metalforming  processes.  The  mate- 
rial flow  behavior  data  are  critical  for  the  suc- 
cessful application  of  advanced  analytic  tools 


Tinius  Olsen  Duct-O-Matic 

or  techniques,  such  as  finite  element  modeling 
(FEM).  This  analytical  optimization  of  process 
parameters  reduces  or  eliminates  trial-and- 
error  methods  for  developing  advanced  pro- 
cesses. 

In  the  case  of  "first  time"  process  design, 
a  strain-rate  temperature  "window"  may  be 
selected  from  the  Atlas  of  Formability  to  obtain 
promising  combinations  of  forming  efficiency, 
forming  limit,  microstructure,  etc.  Using  the 
material  flow  behavior  an  FEM  simulation  of 
the  forming  process  under  consideration  can 
be  performed  using  commercially  available 
finite  element  codes  such  as  DEFORM, 
ABAQUS,  etc.  Several  of  these  simulations  can 
be  run  for  varying  process  parameters  (e.g.,  die 
and  workpiece  temperatures,  die  geometry  and 
velocity,  etc.)  The  results  of  these  runs  will 
identify  the  optimal  process  parameters  that 
ensure  the  desired  product  quality. 

Key  Naval  materials  have  already  been 
tested  and  characterized  for  the  Atlas  includ- 
ing: Al  6061,  Al  7050,  chromium  steel,  Inconel 
600  and  Inconel  625.  Technical  bulletins  sum- 
marizing the  flow  behavior  data  and  workabil- 
ity of  these  materials  have  been  prepared  for 
the  Atlas  of  Formability  and  are  available  for 
public  distribution.  Additional  data  on  these 
and  other  key  materials  are  being  collected  to 
generate  the  required  compendium  of  data 
relevant  to  metalworking  processes.  From  these 
data,  forming  limit  diagrams  and  processing 
maps  are  constructed  to  provide  guidance  in 
selecting  process  parameters  for  metalwork- 
ing. This  workability  assessment  gives  manu- 
facturing engineers  a  tool  for  optimizing  met- 
alworking operations. 


For  further  information  contact: 

Dr.  Prabir  Chaudhury 
Metalworking  Technology,  Inc. 


Sample  Preparation  Unit 
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Superplastic  Titanium  Tube  Applies  Pressure  for  Sintering 


Even 


,  controllable  pressure  is  applied  over  the  entire  surface  to  be  sintered. 


The  fabrication  of  a  high-temperature 
liquid-metal  heat  pipe  requires  the  sinter- 
ing of  a  delicate  screen  made  of  stainless 
steel  and  a  case  made  of  Hastelloy  X  (or 
equivalent)  Ni/Fe/Cr/Mo/C  alloy.  To  obtain 
a  good  metallic  bond  between  the  screen 
and  the  case,  low  pressure  must  be  ap- 
plied evenly  at  a  temperature  of  more  than 
2,000  °F  (>  1,100  °C)  over  the  entire  sur- 
face to  be  sintered,  and  the  parts  must  be 
kept  clean  throughout  the  thermal  cycle. 
Such  established  techniques  as  "can- 
ning," which  involve  the  use  of  welded 
metal  containers  or  ceramic  beads,  are 
time  consuming  and/or  seldom  produce 
the  desired  uniformity.  In  a  newly  devel- 
oped technique,  a  titanium  vessel  is  filled 
with  a  gas  to  exert  the  pressure  necessary 
for  sintering. 

Some  titanium  alloys,  when  heated  to 
approximately  1,700  °F  (about  930  °C)  be- 
come superplastic;  that  is,  they  become 
superductile  and  offer  little  resistance  to 
forming.  A  process  that  takes  advantage 
of  superplasticity  is  called  "superplastic 
forming"  (SPF).  Because  a  titanium  pres- 
sure vessel  can  be  made  by  SPF  at  a  tem- 
perature lower  than  that  required  to  sinter 
the  parts  of  the  heat  pipe,  such  a  vessel 
can  be  preformed  to  the  precise  shape  of 
a  part  to  be  sintered.  Also,  because  the 
SPF  temperature  for  the  pressure  vessel 
is  less  than  the  sintering  temperature  for 
the  heat  pipe,  a  pressure  greater  than  that 
to  be  used  in  sintering  the  parts  of  the  heat 
pipe  can  be  used  to  form  the  titanium 
pressure  vessel. 

After  forming  the  titanium  pressure  ves- 
sel, the  pressure  can  be  decreased  to  the 
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A  Titanium  Tube  Heated 
to  Superplasticity  is  pres- 
surized from  within  to  form 
it  into  the  shape  of  the 
screen  and  case  to  be  sin- 
tered to  each  other. 


desired  sintering  pressure  and  held  until 
the  sintering  temperature  is  reached.  The 
pressure  in  the  gas  in  the  vessel  transmits 
the  force  evenly  over  distance  and  through 
small  cross  sections  with  negligible  losses. 
This  technique  ensures  even,  controllable 
pressure  over  the  entire  surface  to  be  sin- 
tered, throughout  the  sintering  cycle. 

The  parts  to  be  processed  are  contained 
in  a  tool  (see  figure)  capable  of  withstand- 
ing the  necessary  pressures  and  temper- 
atures. If  the  heat-pipe  parts  to  be  sintered 
to  each  other  must  be  supported  during 
processing,  the  tool  is  designed  to  sur- 
round the  parts  completely.  A  taper  on  one 
side  provides  the  draft  necessary  to  facil- 
itate the  removal  of  the  parts.  Quartz  cloth 
and  tantalum  foil  are  used  to  prevent 
eutectic  melting  and  to  prevent  the  titani- 


um tube  from  making  contact  with  the 
stainless-steel  screen,  the  Hastelloy  X  (or 
equivalent)  case,  or  the  stainless-steel  tool. 

This  technique  that  involves  the  SPF  of 
titanium  to  exert  even  pressure  can  be 
used  in  brazing,  sintering,  and  hot  form- 
ing. It  should  simplify  the  fabrication  of 
parts  that  have  complicated  shapes  and 
could  have  potential  for  a  variety  of  ap- 
plications, including  the  fabrication  of  heat 
pipes  for  high-performance  vehicles. 

This  work  was  done  by  Allen  H.  Mueller 
and  Thomas  R.  Pleimann  of  McDonnell 
Douglas  Corp.  for  Langley  Research 
Center.  LAR-14018/TN 
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Nondestructive  Evaluation  and  Sensors  in 
Manufacturing 


1 


BACKGROUND 

Beginning  in  FY90,  the  U.S.  Army 
realigned  its  strategy  for  developing 
manufacturing  technology  projects 
away  from  commodity  oriented  pro- 
jects, and  toward  the  establishment  of 
technology  oriented  projects.  The 
Nondestructive  Evaluation/Sensors  in 
Manufacturing  (NDE/SIM)  thrust  was 
approved  at  that  time.  The  thrust  has 
as  its  objective  the  introduction  of 
sensors  and  knowledge  tools  into  the 
manufacturing  process  to  control  the 
process  through  the  feedback  of  prod- 
uct quality  information. 

Traditional  approaches  to  process 
control  have  involved  monitoring 
process  parameters  such  as  tempera- 
ture, pressure,  speed,  time,  etc.  This 
approach  assumes  that  a  standard  pro- 
cess will  assure  uniform  quality.  This 
isn't  always  the  case  and  it  can  also 
be  expensive  because  of  the  time 
required  to  develop  a  standard  process 
model.  Monitoring  critical  product 
parameters,  however,  can  assure  uni- 
form quality  all  the  time. 

MTL  THRUST  AREA  MANAGER 

LABCOM's  Materials  Technology 
Lab  (MTL)  is  the  Thrust  Area  Manag- 
er and  has  brought  together  a  team 
consisting  of  industry  and  academia  to 
participate  in  the  planning  and  execu- 
tion of  specific  technology  tasks.  The 
principal  partner  in  this  program  is 


Johns  Hopkins  University's  Applied 
Physics  Lab. 

Johns  Hopkins  University  has  been 
very  active  with  two  projects.  The 
first  is  the  development  of  Artificial 
Intelligence  (AI)  based  image  analyzer 
with  multiple  applications.  The  pro- 
ject will  be  targeted  to  verify  critical 
features  in  a  fuze.  The  second  pro- 
ject, just  being  completed,  is  the  de- 
velopment of  insitu  sensors  and  gaug- 
es for  machine  shop  operations  associ- 
ated with  the  overhaul  of  diesel  en- 
gines. Readouts  from  the  sensors  will 
be  provided  to  the  craftsmen  and 
simultaneously  transmitted  to  a  central 
computer  for  statistical  process  con- 
trol. Technology  transfer  is  a  primary 
consideration  in  these  projects  and 
attempts  have  been  made  for  all  pro- 
jects to  have  an  industrial  partner. 

CRITICAL  TECHNOLOGIES 

The  NDE/SIM  technology  thrust  area 
directly  impacts  on  several  critical 
technology  areas  identified  by  both 
the  White  House  Critical  Technologies 
Panel  and  the  DoD  Critical  Technolo- 
gies Plan,  i.e.,  flexible  manufacturing, 
intelligent  processing,  sensors  and 
signal  processing.  The  Office  of  the 
Secretary  of  Defense  (OSD)  has  ap- 
proved NDE/SIM  as  a  generic  en- 
abling technology  which  will  support 
the  infrastructure  of  successful  manu- 
facturing enterprises. 


FOR  ADDITIONAL  INFORMATION:  Contact  Mr.  Walter  Roy,  (617)  923-5258  or  Mr.  Fred  Stenton,  (617)  923- 
5555,  Materials  Technology  Lab. 
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Calibration  Check  for  Programmed  Welding  Robot 

A  fast  and  simple  procedure  verifies  the  torch  setup. 


A  preweld  calibration  check  helps  to  en- 
sure that  a  welding  torch  on  a  computer- 
controlled  welding  robot  has  been  mount- 
ed properly,  that  the  right  gas  cup  has 
been  selected,  and  that  the  length  of  ex- 
tension of  the  electrode  has  been  adjust- 
ed correctly.  The  calibration  check  is  per- 
formed by  the  operator  just  before  the  dry 
run  for  each  set  of  parts  to  be  welded.  The 
procedure  takes  only  2  to  3  minutes  and 
enables  the  correction  of  errors  before 
parts  or  equipment  are  damaged. 

Positioning  errors  usually  do  not  occur 
when  the  operator  "teaches"  the  path 
manually  to  the  robot;  the  operator  mere- 
ly adjusts  the  path  to  suit  the  dimensions 
of  the  parts  and  the  welding  equipment. 
With  programmed  paths,  however,  normal 
variability  in  dimensions  (and  mistakes  in 
programming)  can  result  in  collisions,  with 
consequent  damage  to  the  workpiece, 
equipment,  or  both. 

The  welding  engineer  programs  a  weld 
by  entering  a  variety  of  parameters  into 
a  data  base,  including  such  specifica- 
tions as  the  type  and  number  of  the  torch, 
the  length  of  extension  of  the  electrode, 
and  the  size  and  type  of  the  gas  cup.  From 
this  information,  the  computer  simulates 
the  welding  procedure  and  displays  it 
for  the  engineer  on  a  video  monitor.  The 
engineer  examines  the  simulated  path 
for  collisions  and  possible  overtravel  at 
the  robot  joints  and  makes  whatever  cor- 
rections are  needed. 

When  the  weld  path  satisfies  the  en- 
gineer, the  computer  generates  weld  com- 
mands and  transfers  them  to  the  robot 
work  cell.  There,  they  wait  in  a  queue 
until  the  parts  are  ready  to  be  welded. 
When  the  parts  are  ready,  the  operator 
so  informs  the  computer,  which  then 
displays  detailed  instructions  to  guide  the 
operator  through  the  weld.  The  operator 
sets  up  the  robot  manually  by  selecting 
the  tooling,  mounting  the  torch,  and  ad- 
justing the  gas  parameters  according  to 
the  displayed  instructions. 

After  completing  the  manual  setup,  but 
before  mounting  the  parts  to  be  welded 
and  the  tooling,  the  operator  performs  the 


The  Last  Step  in  the  Calibration  Check  is  to  move  the  torch  close  to  the  hole  in 
the  calibration  block  to  ensure  proper  alignment.  After  this,  the  operator  can  pro- 
ceed with  minimal  risk  of  a  collision  between  the  robot  and  the  parts  to  be  welded. 


calibration  check,  which  consists  of  the 
following  steps: 

1.  Position  the  torch  at  a  convenient  loca- 
tion to  check  the  type  of  gas  cup,  and 
set  the  length  of  extension  of  the  elec- 
trode with  the  aid  of  a  step  block. 

2.  Move  the  torch  to  a  point  12  in.  (30.5  cm) 
above  a  calibration  fixture — a  small 
aluminum  bracket  with  a  hole  !4  in.  (6.35 
mm)  in  diameter  mounted  on  the  side  of 
the  welding  table.  Here,  the  operator  can 
detect  major  errors  in  the  torch  setup. 

3.  Move  the  tip  of  the  electrode  to  a  point 
4  in.  (10.2  cm)  above  the  calibration  fix- 
ture. A  quick  measurement  here  indi- 
cates improper  torch  mounting  without 
danger  of  damaging  the  torch. 

4.  Move  the  tip  closer,  to  a  point  1  in.  (2.5 


cm)  above  the  fixture,  and  check  the  ver- 
tical distance  with  a  step  block. 
5.  Using  the  welding  pendant  (a  manual 
control  device),  move  the  torch  downward 
to  verify  that  the  electrode  is  aligned  with 
the  hole  (see  figure). 
At  any  point  in  this  procedure,  the  op- 
erator can  correct  the  torch  setup.  When 
all  is  ready,  the  operator  continues  with  a 
dry  run  and  the  actual  welding. 

This  work  was  done  by  Karen  E.  Sliwin- 
ski,  Ronald  R.  Anderson,  and  Mark  R. 
Osterloh  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center. 
MFS-29720/TN 
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Infrared  Thermography  for  Welding 

Images  and  data  could  be  used  to  analyze  welds  and  control  welding  parameters. 


An  infrared  imaging  and  image-data- 
processing  system  shows  temperatures 
of  a  joint  during  welding  and  provides  data 
from  which  rates  of  heating  and  cooling 
can  be  determined.  The  information  could 
be  used  to  control  welding  parameters  to 
ensure  reliable  joints,  especially  in  ma- 
terials in  which  microstructures  and  the 
associated  metallurgical  and  mechanical 
properties  depend  strongly  on  rates  of 
heating  and  cooling.  Such  materials  in- 
clude nickel  alloys,  titanium  aluminide,  and 
metal-matrix  composites. 

The  system,  based  on  a  high-resolution 
infrared  scanner,  displays  a  real-time  im- 
age of  the  weld  in  which  bands  of  equal 
temperature  are  represented  by  colors 
(see  figure).  Such  defects  as  impurities, 
gaps,  surface  irregularities,  porosity,  and 
tungsten  inclusions  are  evident  from  the 
gradients  of  temperature  they  produce. 

In  addition  to  displaying  images,  the 
system  extracts  temperature  data  from  the 
image.  In  principle,  these  data  could  be 
processed  to  determine  the  degree  of 
penetration  of  the  weld  and  the  effects  of 
back-side  cooling.  The  system  could  also 
be  used  to  build  a  data  base  of  welding 
parameters  for  various  materials.  The  sys- 
tem is  applicable  to  a  variety  of  processes, 
including  tungsten/inert-gas  welding;  plas- 
ma, laser,  and  resistance  welding;  cutting; 
and  brazing. 

This  work  was  done  by  Jeffrey  L 
Gilbert,  Brian  D.  Lucky,  Lyle  B.  Spiegel, 
and  Russell  M.  Hudyma  of  Rockwell  Inter- 
national Corp.  for  Marshall  Space  Flight 
Center.  MFS-29746/TN 
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The  False-Color  Scale  In  an  Image  of  a  Weld  shows  the  distribution  of  temperatures. 
The  bands  of  color  show  preheating  of  the  area  immediately  ahead  of  the  torch,  the 
weld  pool,  and  the  cooling  of  the  area  behind  the  torch. 
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Materials 


0460  Metal  Hydride  Slurries 

0461  Glass-Derived  Superconductive  Ceramic — A  phase  of  high  critical 
temperature  crystallizes  from  Bi1 .5Pb0.5Sr2Ca2Cu3Ox  glass  during 
annealing. 


Other  Items  of  Interest 
0450     Locator  of  Corrosion 
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Technology  Application 


Brookhaven  National  Laboratory 


Metal  Hydride  Slurries 


The  use  of  reversible  metal  hydrides  for  many  diverse  applications  has  received  increasing  attention  over  the  past 
few  years.  The  utility  of  these  materials  stems  from  their  ability  to  absorb  and  desorb  large  amounts  of  hydrogen  at 
convenient  temperatures  and  pressures.  Existing  and  proposed  applications  include  hydrogen  purification,  energy 
storage,  heat  pumps,  and  isotope  separation.  However,  current  technology  involving  such  applications  requires  the 
contact  of  hydrogen  gas  with  a  dry,  immobile  bed  or  aggregate  of  metal/metal  hydride  particles.  Consequently 
engineering  parameters  associated  with  heat  transport  and  transfer,  gas-solids  separation,  and  vessel  distortion  due 
to  solids  expansion  and  contraction,  have  imposed  severe  constraints  on  system  design.  Such  constraints  may  be 
eliminated  or  substantially  reduced  by  using  metal  hydride  slurries  in  place  of  static,  dry  bed  contactors.  In  this 
connection  it  has  been  discovered  that  several  intermetallic  hydride  formers  such  as  LaNir,  LaNi^  7AI  3  and 
TiFen  -yMn  2  will  absorb  and  desorb  hydrogen  while  suspended  in  liquid  hydrocarbons  such  as  n-octane  and  n- 
undecane.  The  H2  absorption  and  desorption  rates  by  the  suspended  solids  are  rapid  and  well  within  die  range 
required  for  practical  applications.  The  advantages  deriving  from  the  liquid  like  properties  of  such  suspensions 
relative  to  conventional  dry  bed  technology  can  be  enumerated  as  follows: 

1)  Heat  addition  or  removal  is  no  longer  the  rate  limiting  engineering  parameter. 

2)  A  slurry  can  be  easily  pumped. 

3)  Gas/solid  separation  problems  are  reduced. 

4)  Problems  stemming  from  bed  expansion  and  contraction  are  eliminated. 

5)  Much  greater  flexibility  in  system  design  possible. 

6)  A  very  important  advantage,  which  deserves  emphasis,  is  that  hydrogen  can  be  readily  extracted  from  mixed 
gases  consisting  of  volatile  hydrocarbon  contaminants  or  other  inert  gases.  This  behavior  is  quite  different  from 
that  of  the  dry  contact  systems  where  the  presence  of  any  contaminant,  even  helium,  will  greatly  inhibit  the  uptake 
of  hydrogen  because  of  the  buildup  of  a  blanketing,  high  concentration  layer  of  the  inert  component  at  the  gas/solid 
interface. 

Potential  Applications/Spinout  Uses:  Hydrogen  recovery  from  mixed  gases,  hydrogen  purification,  hydrogen 
isotope  separation,  energy  storage,  heat  pumps,  heterogeneous  catalysis. 

Literature:  Reilly,  J.  J.,  Grohse,  E.  W.  and  Johnson,  J.  R.,  in  Condensed  Papers,  5th,  Int.  Conf.  on  Alternative 
Energy  Sources  (Ed.  Viziroglu,  T.  N.),  pp.  537-539,  Dec.  1982,  University  of  Miami. 
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Glass-Derived  Superconductive  Ceramic 

A  phase  of  high  critical  temperature  crystallizes  from  Bi-, .sPb0  5Sr2  Ca2Cu3Ox  glass  during  annealing. 


A  critical  superconducting-transition  tem- 
perature (Tc)  of  107.2  K,  the  highest  yet  ob- 
served in  a  glass-derived  superconductor 
was  observed  in  a  specimen  made  by  an- 
nealing a  glass  of  composition  Bi15Pb05 
Sr2Ca2Cu30)(  for  243  h  at  840  °C.  Prior  to 
this  discovery,  it  was  known  that  in  the  Bi/ 
Sr/Ca/Cu/O  system,  the  optimum  annealing 
temperature  for  the  formation  of  the  high- 
Tc  phase  is  870  °C.  It  was  also  known  that 
when  PbO  is  added,  the  optimum  anneal- 
ing temperature  decreases  to  840  °C.  PbO 
had  also  been  found  to  lower  the  melting 
temperature  and  viscosity  of  the  glass,  pos- 
sibly by  acting  as  a  fluxing  agent.  Alterna- 
tively, it  had  been  suggested  that  the  par- 
tial substitution  of  lead  into  the  bismuth 
oxide  planes  of  a  crystalline  phase  that  has 
a  Tc  of  110  K  stabilizes  this  phase  and  fa- 
cilitates the  formation  of  it. 

lb  prepare  the  glass,  appropriate  amounts 
of  Bi203,  Pb02,  SrC03,  CaO,  and  CuO  to 


obtain  the  nominal  composition  Bi15Pb05 
Sr2  Ca2Cu30x  were  mixed  in  acetone  to 
form  a  slurry,  then  thoroughly  ground  with 
a  mortar  and  pestle.  The  mixture  was  cal- 
cined overnight  in  a  platinum  crucible  in  air 
at  approximately  795  °C,  then  cooled  and 
reground.  The  resulting  gray  powder  was 
heated  in  a  covered  platinum  crucible  at 
about  1,025  °C  for  approximately  0.5  h.  The 
melt  was  then  quenched  between  two  cop- 
per plates,  forming  opaque  black  glass  sheets 
about  1  mm  thick. 

These  sheet  specimens  were  character- 
ized by  various  techniques.  Powder  x-ray  dif- 
fraction using  Ka  radiation  showed  a  broad 
halo  pattern  indicative  of  an  amorphous  ma- 
terial. However,  some  low-intensity  peaks 
that  could  be  matched  with  CaO  were  also 
present.  Chemical  compositions  were  de- 
termined by  atomic  absorption.  Differential 
thermal  analysis  (DTA)  was  performed  in 
air  at  a  heating  rate  of  10  °C/min.  The  spec- 


imens were  found  to  have  a  glass-transi- 
tion temperature  of  383  °C,  a  crystalliza- 
tion temperature  of  about  446  °C,  and  a 
melting  temperature  of  855  °C. 

One  specimen  was  not  annealed.  The 
others  were  annealed  in  air  at  temperatures 
between  500  and  850  °C  at  which  promi- 
nent peaks  in  the  DTA  thermogram  indicat- 
ed the  formation  of  various  phases.  The 
quenched  glass  (unannealed  specimen) 
was  found  to  be  an  insulator.  The  specimen 
annealed  at  500  °C  was  found  to  be 
semiconducting.  The  rest  were  found  to  be 
metallic  in  the  normal-conductivity  state.  All 
the  metallic  samples  were  found  to  be 
multiphase. 

As  the  data  in  the  figure  suggest,  the 
high-^  phase  forms  quite  slowly  during  the 
anneal.  The  sluggish  reaction  kinetics  ap- 
pear to  limit  severely  the  utility  of  the  glass- 
precursor  approach  to  the  fabrication  of  su- 
perconductors, particularly  of  continuous 
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fibers  or  wires.  On  heating  the  glass,  the  Bi2Sr2Ca0Cu,O6(2201) 
phase  precipitates  out  first,  follwed  by  the  Tc  =  80  K  phase, 
B^Sr^Ou-Pg^^),  at  higher  temperature.  The  7  =  110  K 
phase,  Bi2Sr2Ca2Cu3O10(2223),  is  formed  at  temperatures  just 
below  the  melting  temperature,  probably  by  reaction  between  the 
2201  and  2212  phases  and  the  residual  calcium  and  copper 
oxides.  Even  after  the  243-h  anneal,  appreciable  2212  phase 
remains. 

This  work  was  done  by  Narottam  P.  Bansal  and  D.E.  Farrell 
of  Lewis  Research  Center.  LEW-15005/TN 


The  Resistivity  of  Bi,  5Pb0  ..SrjCajCiijO,,  is  a  function  of  temperature. 
Samples  were  annealed  in  air  at  840°C  for  different  times. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


461 


Medicine  &  Biology 


0462  Automated  Refueling  for  Disabled  Drivers 

0463  Self-Operated  Lift  for  the  Disabled 

0464  Ultrasonic  Head  Controlled  Wheelchair  and  Interface 

0465  Cardiovascular  Effects  of  Weightlessness — Responses  of  humans  and 
animals  to  real  and  simulated  weightlessness  are  reviewed. 

0466  Human  Adaptation  to  Isolated  and  Confined  Environments — 
Physiological  and  psychological  data  from  an  Antarctic  research  station 
are  analyzed. 

Testing  &  Instrumentation 

0467  The  In-Vivo  Generator  for  Radioimmunotherapy 

0468  Separation  of  Chromosomal  Length  DNA  Molecules:  Pneumatic 
Apparatus  for  Rotating  Gels  During  Electrophoresis 

Other  Items  of  Interest 
0451     Heed  the  Mummichog 


• 


sa 


Veterans 
Administration 


Rehabilitation 
Technology 


Automated  Refueling  for  Disabled  Drivers 


Problem  Drivers  with  disabilities  often  need  some  kind 
of  assistance  when  refueling  their  vehicles.  These  drivers 
look  to  the  attendant  at  a  full-service  station  for  help,  and 
by  law  in  California,  they  are  entitled  to  full  service  at  self- 
serve  prices.  When  faced  with  an  all  self-serve  station,  the 
disabled  driver  is  unable  to  refuel  and  may  have  to  travel 
farther  to  find  gasoline. 

Significance  There  are  680,000  [1]  disabled  driver  plates 
and  placards  in  issue  in  California  in  1990.  This  indicates 
that  about  5%  of  all  vehicles  registered  in  the  state  are  reg- 
istered by  drivers  with  disabilities.  Of  these,  approximately 
30,000  are  registered  to  severely  disabled  drivers  who  are 
able  to  refuel  their  vehicles  themselves  only  with  difficulty, 
if  at  all.  An  automated  refueling  system  could  potentially 
provide  these  drivers  with  a  much  needed  service,  and  offer 
enhanced  service  to  other  drivers  as  well. 

Background  In  1988,  with  the  objective  of  improving 
access  to  refueling  for  disabled  drivers,  Chevron  Research 
and  Technology  Company  and  the  Rehabilitation  Research 
and  Development  (RR&D)  Center  at  the  Department  of 
Veterans  Affairs  Medical  Center,  Palo  Alto,  entered  into  a 
cooperative  R&D  agreement.  Under  this  agreement,  the 
RR&D  Center  conducted  a  feasibility  study  to  determine 
the  potential  for  a  self-serve,  automated  fueling  station  for 
unassisted  use  by  disabled  drivers. 


Early  work  in  this  area  includes  a  research  study  com- 
pleted at  the  Robotics  Research  Institute  at  Carnegie- 
Mellon  University  in  1985  that  demonstrated  the  basic 
mechanical  feasibility  of  robot  assisted  refueling.  It  used  a 
Cincinnati  Millacron  T3  robotic  arm  to  open  the  filler 
door,  remove  the  filler  cap,  and  insert  a  pump  nozzle.  The 
study  demonstrated  the  basic  mechanical  operations  and 
pointed  out  areas  needing  further  research,  notably  robot 
vision  and  guidance  systems,  and  a  database  of  vehicle 
filler  cap  locations.  This  work  was  sponsored  by  the  Gulf 
Research  Center. 

Another  robot-based  system  is  being  introduced  by  a 
Swedish  firm  in  Stockholm.  The  OK  Gas  Company  recent- 
ly announced  a  system  that  uses  radar  to  guide  the  robot 
to  a  target  on  the  filler  cap.  The  dispenser  system  is  acti- 
vated by  a  plastic  credit  card  [2,3]. 

Other  work  includes  the  Autofuel  system  developed 
by  Tadiran  Ltd.  of  Israel.  This  system,  installed  at  Budget 
Rent-a-Car's  O'Hare  airport  location  in  Chicago,  can  sense 
and  record  the  car  ID  number,  odometer  reading,  fuel  level, 
and  time  and  date.  This  information  is  recorded  as  the 
vehicle  drives  over  sensors  embedded  in  the  ground.  The 
installation  costs  $8-$10K,  plus  about  $200  per  vehicle  [4]. 

Hypothesis  Our  experience  in  robotic  applications  for 
severely  disabled  individuals  led  us  to  believe  that  automat- 
ing the  refueling  process  could  address  the  primary  gas  sta- 
tion service  needs  of  disabled  drivers. 


I 


Figure  1  Four  sketch  concepts  tested  with  focus  groups:  home  delivery,  enhanced  service,  automated  dispenser  and  information  kiosk. 
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Approach  After  preliminary  surveys  with  patients  at 
VAMC  Palo  Alto,  we  set  up  a  series  of  brainstorming  ses- 
sions to  explore  the  basic  issues  around  the  problem.  The 
sessions  involved  several  mixed  groups  of  engineers,  clini- 
cians, product  designers,  and  disabled  users.  These  groups 
brought  a  useful  range  of  viewpoints  and  expertise  to  the 
problem,  and  they  generated  a  large  number  of  ideas  for 
approaches  and  solutions,  as  well  as  questions  about  the 
problem  itself. 

A  number  of  design  issues  were  identified  through 
this  exploration.  We  saw  that  seven  distinct  task  areas 
would  need  to  be  addressed  for  any  complete  solution  to 
automated  refueling.  The  tasks  are  these: 

1)  align  vehicle  to  dispenser 

2)  find  and  reach  fill  port 

3)  open  and  seal  the  fill  port 

4)  pump  the  fuel 

5)  disconnect  the  nozzle  and  reseal  the  port 

6)  retract  all  mechanisms 

7)  provide  user  input/output  control  and  feedback. 

In  addition,  safety,  regulatory  and  environmental  factors 
would  need  to  be  taken  into  account. 

We  reviewed  the  key  exploration  concepts  with  our 
collaborators.  To  get  a  better  sense  of  the  needs  and  values 
of  the  disabled  drivers,  we  decided  to  set  up  a  series  of 
focus  groups  with  drivers  to  test  our  ideas.  We  developed 
sketch  concepts  for  a  number  of  approaches  to  the  prob- 
lem, from  automated  tank-filling  to  information  kiosks 
about  full-service  stations  to  enhanced  full  service  (see 
Figure  1).  In  the  focus  groups,  10-12  sketch  concepts  were 
presented  to  groups  of  8  or  9  disabled  drivers.  Their  reac- 
tions were  elicited,  and  their  values  and  concerns  were 
noted. 

The  drivers  strongly  indicated  that  their  needs  around 
refueling  were  immediate  and  uncomplicated  -  they  sim- 
ply want  the  kind  of  service  to  which  they  are  entitled. 


Their  main  concern  was  the  lack  of  awareness  and  sensi- 
tivity on  the  part  of  some  attendants  (regardless  of  brand). 
They  were  also  concerned  with  the  decreasing  availability 
of  full-service  stations,  the  lack  of  accessible  restrooms  and 
awkward  layout  of  the  pumps  and  stations.  Based  upon  the 
response  from  these  focus  groups  we  revised  our  approach. 

Status  The  study  led  us  to  two  main  conclusions.  The 
first  is  that  a  mechanical  solution  to  fully  automated  refu- 
eling, while  feasible  with  current  technology,  would  be 
costly  to  develop  and  would  have  questionable  market 
acceptance.  The  second  conclusion  is  that  there  may  be 
strong  alternatives  to  automation  that  could  address  the 
disabled  drivers'  needs  more  immediately  and  effectively. 
These  alternatives  are  currently  being  explored  as  part  of  a 
follow-on  study  with  Chevron. 
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Self-Operated  Lift  for  the  Disabled 


Problem  Persons  who  have  little  or  no  upper  body 
strength  cannot  move  themselves  from  a  wheelchair  to  a 
bed,  toilet,  bath  or  car,  and  usually  require  an  attendant's 
help.  There  have  been  numerous  lifting  devices  made  on  a 
one-of-a-kind  basis,  but  few  have  had  widespread  accep- 
tance due  to  complexity,  extensive  modifications  to  the 
environment,  and  excessive  demands  on  the  upper  limbs 
of  the  patient.  Even  attendant-operated  lifts  are  in  need  of 
improvement,  often  placing  the  attendant  at  risk  of  back 
injury. 

Significance  There  are  four  populations  with  different 
requirements  for  transfer  assistance: 

1)  the  high-level  quadriplegic,  who  must  have  a  highly 
automated  transfer  system  and  is  most  sensitive  to 
stresses  on  the  skin, 

2)  the  infirm  elderly,  who  might  be  able  to  forestall  insti- 
tutionalization if  reliance  on  attendants  or  family  for 
transfer  could  be  reduced, 

3)  the  institutionalized  patient,  whose  transfer  demands 
time  and  physical  labor  by  attendants  who  might  be  put 
to  more  productive  use, 

4)  the  paraplegic,  whose  requirement  for  transfer  assistance 
could  be  met  by  improvements  to  existing  simple,  non- 
automated  devices. 

Background  Existing  equipment  for  bed-to-chair  trans- 
fer, such  as  the  Hoyer  lift,  generally  requires  an  attendant 
to  place  a  sling  or  platform  under  the  patient,  to  operate  a 
crank  to  raise  the  patient  and  then  to  push  the  lift  to  the 
bed  or  chair.  Self-operated  devices  have  been  made  on  a 
one-of-a-kind  basis,  based  on  both  ceiling-mounted  hoists 
and  wheeled  under-arm  supports;  both  types  require  upper 
body  strength  beyond  the  capabilities  of  quadriplegics  or 
the  frail  elderly. 

Hypothesis  Aged  or  paralyzed  persons  having  little  or  no 
upper  limb  function  need  a  lifting/transfer  device  to  reduce 
the  dependence  on  an  attendant.  The  device  should  allow 
the  disabled  person  to  independently  move  from  a  bed  to  a 
wheelchair,  car  seat,  bathtub  or  toilet.  While  ultimately  a 


high  level  of  robotic  guidance  and  control  will  be  necessary 
for  self-operation,  initially  a  manually  guided  lifter  would 
benefit  attendants  who  routinely  transfer  patients. 


Figure  1.  Prototype  self-transfer  device. 


Approach  A  prototype  self-operated  lift  to  enable  a 
quadriplegic  to  transfer  between  bed  and  wheelchair  with- 
out the  assistance  of  an  attendant  was  designed  in  1988  by 
a  Stanford  student  team  as  a  Masters  project  in  Mechanical 
Engineering  Design.  The  principal  components  are:  1)  a 
mechanism  similar  to  a  forklift,  for  raising  the  user  from 
bed  while  supported  on  multiple  tines  (Figure  1),  2)  motors 
to  fold  the  bed  into  a  chair  shape  for  lowering  the  user 
onto  a  wheelchair,  and  3)  inflatable  mattresses  which  sup- 
port the  user  on  the  bed  or  chair.  The  student  team  built 
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the  "forklift"  subsystem  and  its  elevating  mechanism,  but 
not  a  mobile  base  needed  for  complete  automation;  cur- 
rently an  attendant  manually  moves  the  lifting  mechanism 
into  position  for  testing. 

Status  A  program  of  non-automatic  tests  with  normal 
subjects  proceeded  to  determine  whether  the  approach  is 
feasible.  The  following  observations  were  noted: 

•  Lifting  and  lowering  the  subject  when  lying  supine  on 
the  air  mattress  could  be  repeatedly  performed  (Figure  2). 

•  A  soft  mattress  under  the  air  mattress  interfered  with 
sliding  the  tines  under  the  subject. 

•  Friction  prevented  centering  the  subject's  body  on  the 
tines. 

•  Movement  of  the  subject's  back  with  respect  to  lift  was 
uncomfortable  (rollers  over  the  tines  were  suggested). 

•  Switches  and  sensors  may  be  needed  to  help  the  patient 
determine  vertical  position  of  tines  with  respect  to  bed. 

•  Moving  to  a  sitting  position  was  more  comfortable  if 
both  leg  and  back  sections  moved  synchronously. 

•  Head  alignment  with  tines  needs  to  be  considered:  hav- 
ing the  head  on  one  of  the  tines  is  more  comfortable 
than  between  tines. 

•  Longitudinal  alignment  of  hip  and  knee  with  hinges  is 
important. 

•  Minimum  pressure  should  be  set  at  3.5  psi  to  compen- 
sate for  any  air  leaking  from  mattress  tubes. 

•  The  air  mattress  on  the  chair  seat  requires  7.5  to  8.0  psi 
to  support  the  subject's  weight  while  sitting. 

This  prototype  is  probably  the  first  in  a  series,  each 
testing  a  significantly  different  approach  to  solving  the 
problem  of  lifting  the  human  body.  The  multiple  tine 
approach  is  particularly  well  suited  to  use  with  beds  having 
deep  air  cushions;  in  this  case,  the  tines  would  slide 
between  the  cushions  without  deflation.  In  addition,  for 
better  control  of  friction  between  the  subject  and  tines,  the 
back  section  needs  to  be  coupled  by  a  linear-motion  com- 
pensation linkage  rather  than  a  simple  hinge.  Other  sug- 
gested changes  are  the  addition  of  a  foot  rest  and  side  rails. 

At  a  need-finding  session  on  patient  handling  held  in 
October,  1990,  the  consensus  of  clinicians  was  that  lifting 
patients  in  the  hospital  was  a  sufficiently  formidable  prob- 
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Figure  2.  Lift  sliding  under  subject  on  air  mattress. 


lem  as  to  justify  continued  research  on  new  devices  for 
attendant-assisted  transfer.  Alternative  concepts  will  be 
generated  both  for  this  and  for  the  original  intended  appli- 
cation: independent  use  by  the  disabled. 

Acknowledgements 

The  student  design  team  consisted  of  M.P.  Butler,  S.  Moore- 
Fuller  and  D.  Snow.  Evaluation  was  done  by  T.  Buckley  and 
A.  Johnson. 

Support 

RR&D  Center  core  resources 


FOR  ADDITIONAL  INFORMATION:  Contact  the 
author  listed  at  (415)  493-5000,  ext.  4480.  Rehabilitation 
and  Research  Center,  VA  Medical  Center/153,  3801 
Miranda  Avenue,  Palo  Alto,  CA  94304. 


♦ 


♦ 


sa 


Veterans 
Administration 


. 


Rehabilitation 
Technology 


Ultrasonic  Head  Controlled  Wheelchair  and  Interface 


Problem  High  level  quadriplegics,  having  lost  the  use  of 
their  arms  and  legs,  require  considerable  assistance  to 
accomplish  even  the  simplest  mobility  or  manipulation 
task  such  as  turning  on  a  light,  typing  a  letter,  moving 
around  the  home,  or  operating  a  computer.  Since  only 
their  head  and  neck  muscles  can  still  move  voluntarily, 
existing  interfaces  and  switches  are  often  inadequate  in 
operating  continuous-control  devices  such  as  electric 
wheelchairs. 

Significance  A  device  has  been  developed  that  employs 
ultrasonic  distance-ranging  technology  as  a  way  to  deter- 
mine head  position  without  physical  contact.  It  allows 
severely  paralyzed  persons  to  use  their  head  as  a  "joystick" 
for  controlling  electrical  and  mechanical  equipment.  It  is 
natural  to  use  and  gives  disabled  users  more  independence 
in  a  variety  of  mobility,  communication,  and  recreation  sit- 
uations. This  device  should  be  inexpensive  to  manufacture, 
leading  to  its  mass  production  and  widespread  use. 

Background  While  many  human-machine  interfaces 
have  been  developed  for  severely  disabled  individuals,  all 
have  limitations.  Some  devices  have  sanitation  problems 
(pneumatic  puff/sip  switches),  while  others  may  physical- 
ly intrude  upon  the  user  (chin-operated  joysticks)  or  may 
be  considered  socially  objectionable  (head-band  wands). 
Some  newly  introduced  approaches  have  drawbacks:  eye 
control  units  unduly  restrict  the  user's  gaze,  while  voice- 
control  provides  inadequate  responsiveness  for  continuous 
control.  These  devices  are  all  limited  in  their  ability  to  con- 
vey the  user's  intent. 

Hypothesis  This  project  is  based  on  the  hypothesis  that 
an  array  of  ultrasonic  distance-ranging  sensors  can  moni- 
tor the  head  position  of  a  severely  disabled,  quadriplegic 
wheelchair  user  to  obtain  real-time  proportional  informa- 
tion for  the  control  of  mobility,  communication,  and 
robotic  devices.  As  this  technique  requires  no  physical  con- 
tact, a  socially  acceptable  and  aesthetically  pleasing  inter- 
face can  result. 


Approach  The  two  Polaroid  transducers  in  the  Ultrasonic 
head  control  interface  (UHCI)  generate  inaudible  high-fre- 
quency sound  waves  that  propagate  through  the  air  toward 
the  user's  head.  Energy  reflected  by  the  head  is  detected 
upon  its  return  to  the  transducers.  The  distance  from  each 


Figure  1.  Ultrasonic  head  controlled  wheelchair. 

transducer  to  the  head  is  calculated  from  the  elapsed  time 
between  transmission  of  the  sound  and  the  reception  of 
the  echo.  Ranging  measurements  from  both  transducers 
allow  the  two-dimensional  determination  of  the  user's 
head  position. 
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The  user  operates  the  UHCI  by  tilting  his  or  her  head 
forward  or  backward,  left  or  right  -  movements  analogous 
to  manipulating  a  joystick.  The  electronic  control  signals 
generated  by  UHCI  from  the  calculated  head  position 
mimic  those  produced  by  a  joystick.  The  signals  can  be 
used  to  operate  a  variety  of  devices  including  an  electric 
wheelchair  (Figure  1),  a  communication  aid,  a  video  game, 
or  a  robotic  arm. 

The  primary  advantage  of  the  UHCI  is  that  it  requires 
no  mechanical  contact  between  the  transducers  and  the 
user's  head.  The  user,  therefore,  does  not  feel  "wired  up"  as 
with  other  interfaces  that  have  components  worn  on  the 
head  or  close  to  the  face.  By  being  unobtrusive,  the  UHCI 
is  both  cosmetically  pleasing  and  socially  acceptable. 

Status  Two  UHCI-equipped  electric  wheelchairs  have 
been  in  operation  since  1983.  An  Everest  and  Jennings 
model  3P  with  a  reclining  Recaro  seat  was  used  by  a 
quadriplegic  woman  in  France.  The  other,  an  Invacare  Rolls 
IV  equipped  with  a  Solo  Products  Power  Pack,  is  being  eval- 
uated by  quadriplegic  patients  at  the  Spinal  Cord  Injury 
Center  at  the  Palo  Alto  VA  Medical  Center. 

In  a  user  evaluation  with  ten  quadriplegic  veterans, 
most  subjects  were  able  to  navigate  the  modified 
wheelchair  successfully  after  a  brief  training  and  demon- 
stration session.  They  found  the  UHCI  to  be  more  intuitive, 
easier  to  operate,  requiring  less  concentration,  and  produc- 
ing less  fatigue  than  a  conventional  chin-controlled 
wheelchair  interface. 

A  generalized  interface  using  the  UHCI  that  allows  the 
user  to  operate  a  mobile  robot  has  also  been  developed.  In 
operation,  the  user  controls  the  robot's  path  by  using  head 
motions  to  draw  a  trajectory  on  a  CRT  screen. 

A  technical  manual  for  the  UHCI  has  been  compiled. 
It  includes  background  material,  electronic  schematics, 
computer  program  listings,  explanations,  and  illustrations 
to  enable  engineers  to  build  UHCIs  for  their  own  applica- 
tions. This  manual  has  been  distributed  to  almost  100 
researchers  and  manufacturers  for  further  development  or 
commercialization. 

Funding  for  the  construction  and  testing  of  four  com- 


mercial prototype  UHCI  equipped  wheelchairs  has  been 
received  from  the  VA  Rehabilitation  Evaluation  Unit  (REU) 
in  Baltimore,  MD.  Eureka  Laboratories  of  Sacramento,  CA 
was  competitively  selected  to  manufacture  these  devices. 
During  the  one-year  contract  period,  RR&D  and  Eureka 
engineers  met  frequently  to  discuss  design,  packaging,  and 
operational  issues  for  the  next  generation  device. 

Although  the  resultant  unit  is  based  on  the  VA  proto- 
type, the  company  completely  redesigned  the  interface 
hardware  to  take  advantage  of  advances  in  microcontroller 
technology.  The  first  unit  is  being  clinically  evaluated  at 
the  VA  Medical  Center  in  Richmond,  VA.  After  this  initial 
pilot  study,  the  evaluation  program  will  continue  at  VA 
Centers  in  Augusta,  Houston,  and  Tampa. 

The  evaluations  are  scheduled  to  be  completed  in 
early  1991  and  a  final  report  will  be  published  one  month 
later.  In  this  report,  a  recommendation  regarding  the  pre- 
scription of  electric  wheelchairs  using  the  UHCI  technolo- 
gy for  appropriate  severely  disabled  veterans  will  be  made. 
If  an  approval  is  forthcoming,  Eureka  Laboratories  has  indi- 
cated that  they  will  pursue  mass  production  of  the  UHCI 
to  satisfy  the  demand  of  the  VA  and  any  other  interested 
parties. 

Publications 

Jaffe  DL.  A  case  study:  the  ultrasonic  head  controlled 
wheelchair  and  interface.  On-Center  -  Technology  Trans- 
fer News,  1:  1990. 

Jaffe  DL.  Ultrasonic  head  controlled  wheelchair/interface  - 
a  case  study  in  development  and  technology  transfer. 
ProcRESNA  13th  Ann  Conf,  Washington,  DC,  1990. 

Support 

RR&D  Center  core  resources 
Paralyzed  Veterans  of  America 
VA  Rehabilitation  Evaluation  Unit 


FOR  ADDITIONAL  INFORMATION:  Contact  the 
author  listed  at  (415)  493-5000,  ext.  4480.  Rehabilitation 
and  Research  Center,  VA  Medical  Center/153,  3801 
Miranda  Avenue,  Palo  Alto,  CA  94304. 
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National  Aeronautics  and 
Space  Administration 


Cardiovascular  Effects  of 
Weightlessness 

Responses  of  humans 
and  animals  to  real  and 
simulated  weightlessness 
are  reviewed. 

A  NASA  technical  memorandum  pre- 
sents a  study  of  the  effects  of  weightless- 
ness and  simulations  thereof  upon  the  cardi- 
ovascular systems  of  humans  and  animals. 
It  reviews  research  up  to  the  year  1987 
in  the  United  States  and  Soviet  space  pro- 
grams on  such  topics  as  the  physiological 
changes  induced  by  weightlessness  in 
outer  space  and  by  the  subsequent  return 
to  Earth  gravity  and  also  reviews  the  de- 
conditioning  effects  of  prolonged  bed  rest 
on  the  ground  (as  an  approximation  to  the 
deconditioning  effects  of  weightlessness). 

After  a  brief  introduction  that  describes 
the  general  deconditioning  effect  of  weight- 
lessness, the  report  discusses  the  role  of 
gravity  in  the  functions  of  the  cardiovascu- 
lar system.  The  next  chapter  describes 
experiences  in  United  States  and  Soviet 
space  flights  that  carried  humans  and  ani- 
mals, which  were  instrumented  and/or 
housed  for  observation  in  various  ways. 
The  following  chapter  describes  a  variety 
of  ground-based  experiments,  including 
immersion  in  water,  bed  rest,  chair  rest, 
confinement,  and  the  use  of  partial-body- 


supporting  systems  to  simulate  weight- 
lessness; observations  of  responses  to  or- 
thostatic stress  (the  stress  of  standing  up) 
after  bed  rest;  the  use  of  centrifuges  and 
gravity  suits  to  study  the  effects  of,  and 
countermeasures  to,  acceleration;  studies 
of  the  effects  of  exercise  on  athletes  and 
nonathletes;  studies  of  the  effects  of  dif- 
ferences in  age  and  sex;  and  laboratory 
experiments  on  animals. 

The  next  chapter  discusses  the  roles  of 
various  physiological  mechanisms.  Topics 
include  changes  in  the  volumes  of  bodi- 
ly fluids,  alterations  in  cardiac  function, 
changes  in  the  capacities  and  complianc- 
es of  blood  vessels,  and  impairment  of  car- 
diovascular reflex  control.  The  following 
chapter  discusses  measures  to  offset  the 
effects  of  weightlessness;  these  include 
exercises,  pressure  suits,  centrifugation, 
and  drugs.  The  last  chapter  summarizes 
the  findings  reported  in  the  previous  chap- 
ters. 

The  report  states  a  number  of  conclu- 
sions, including  notably  the  following: 

•  Cardiovascular  deconditioning  occurs  dur- 

ing both  space  flight  and  .simulation,  and 
the  effects  are  most  pronounced  when 
the  body  is  erect. 

•  The  hemodynamic  parameters  of  the  de- 
conditioned  state  (as  compared  with  those 
of  the  preconditioned  state)  indicate  that 
deconditioning  is  characterized  by  exces- 
sive tachycardia,  hypotension,  decreased 


heart  volume,  decreased  volumes  of  plas- 
ma and  circulating  blood,  and  loss  of  skel- 
etal-muscle mass,  particularly  in  the  lower 
limbs. 

•  Available  data  indicate  that  the  mecha- 
nisms involved  with  the  regulation  of  the 
volumes  of  bodily  fluids,  the  altered  cardi- 
ac function,  and  the  neurohumoral  con- 
trol of  the  peripheral  circulation  play  sig- 
nificant roles  causing  the  observed 
changes. 

•  Satisfactory  countermeasures  have  not  yet 
been  found. 

•  Hemodynamic  changes  immediately  after 
a  flight  are  best  handled  by  lower-body 
counterpressure  ("antigravity")  suits. 

•  The  return  to  the  preflight  state  can  take 
weeks  or  months  and  is  only  slightly  de- 
pendent on  the  duration  of  the  flight. 
This  work  was  done  by  Harold  Sandler 

of  Ames  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-88314 
[N88-25140],  •■Cardiovascular  Effects  of 
Weightlessness  and  Ground-Based  Sim- 
ulation." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-12527/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Human  Adaptation  to 
Isolated  and  Confined 
Environments 

Physiological  and 
psychological  data  from  an 
Antarctic  research  station  are 
analyzed. 

A  report  describes  a  study  of  the  physi- 
ology and  psychology  of  humans  in  an  iso- 
lated and  confined  environment.  It  suggests 
ways  in  which  such  environments  can  be 
made  more  acceptable  to  human  inhabi- 
tants. 

The  study  was  conducted  during  the  7 
months  of  an  Antarctic  winter  tour  of  duty 
at  Palmer  Station  in  the  mid  1980's.  The 
results  are  important  to  the  design  of  fa- 
cilities for  those  who  must  work  in  other 
hostile  and  potentially  lethal  environments. 
In  addition,  the  study  provides  information 
about  the  physiological  and  psychological 
stress  that  may  be  experienced  in  an  iso- 
lated and  confined  environment.  For  exam- 
ple, the  Space  Station  will  confine  and  isolate 
its  inhabitants  for  long  periods.  Navy  sub- 
marines routinely  go  on  60-day  patrols  in 
which  outside  communication  is  extremely 
limited.  Oil  companies  employ  professional 
divers  who  must  remain  in  hyperbaric  cham- 
bers for  a  month  at  a  time. 

In  the  study,  blood  pressure  was  meas- 
ured twice  per  week,  and  concentrations 
of  the  hormones  epinephrine  (adrenalin)  and 
norepinephrine  in  the  urine  were  measured 
once  per  week.  Data  from  subjects'  reports 


on  their  own  moods  (anxious  vs.  composed, 
hostile  vs.  agreeable,  depressed  vs.  elated) 
were  collected  three  times  per  week.  Rec- 
ords of  weather,  journal  entries  made  by  the 
investigator,  and  information  on  the  use  of 
station  facilities  were  also  collected. 

Concentrations  of  epinephrine  and  nore- 
pinephrine dipped  significantly  around  the 
middle  of  the  winter.  On  the  other  hand,  the 
effects  of  the  length  of  stay  did  not  appear 
to  have  any  significant  effect  on  blood  pres- 
sure. There  was  a  linear  increase  in  reports 
of  feelings  of  hostility  and  anxiety  during  the 
winter,  but  there  was  no  significant  increase 
in  depression.  The  physiological  and  psy- 
chological data  did  not  change  in  a  syn- 
chronous fashion. 

Anxiety  increased  in  proportion  to  the 
number  of  hours  spent  on  work.  The  peo- 
ple who  reported  the  greatest  variety  of  per- 
sonal activities  were  the  least  depressed, 
hostile,  and  anxious  of  the  crew. 

The  results  offer  guidelines  for  the  design 
of  isolated  and  confined  facilities. 

•  People  brought  similar  items  to  make 
themselves  feel  at  home  —  music, 
clothing,  food,  photography  equipment, 
photographs  of  loved  ones,  and  books. 
Such  items  should  be  included  in  the 
standard  equipment,  and  space  should 
be  provided  in  private  areas  for  display- 
ing photographs. 

•  All  attempted  to  personalize  public  and 
private  areas.  Again,  materials  should  be 
provided  so  that  people  can  change  their 
environment  to  make  it  theirs. 

•  Flexible  environments  helped  to  create 
novelty  and  new  stimuli  in  a  low-stimulus 


environment.  Furniture  and  wall  hangings, 
for  example,  should  be  easy  to  rearrange. 

•  Sixty  percent  of  waking  hours  were  spent 
alone.  Bedrooms  were  used  extensively 
as  places  to  obtain  privacy.  Thus,  areas 
that  give  visual  and  auditory  privacy  are 
necessary. 

•  People  nevertheless  also  felt  the  need  to 
socialize,  underscoring  the  importance  of 
placing  public  rooms  near  high-traffic  areas, 
well-removed  from  private  quarters,  and 
equipping  them  with  music,  food,  game 
tables,  videos,  and  comfortable,  movable 
furniture.  Social  areas  that  might  have  con- 
flicting uses  should  be  separate. 

•  The  gym  was  in  use  from  morning  until 
evening.  Most  hobbies  involved  physical 
or  manual  activity.  Thus,  recreational 
areas  are  crucially  important. 

This  work  was  done  by  Gary  W.  Evans, 
Daniel  Stokols,  and  Sna  Sybil  Carrere  of 
the  University  of  California  at  Irvine  for 
Ames  Research  Center.  Further  informa- 
tion may  be  found  in  NASA  CR-177499 
[N89-15531],  "Human  Adaptation  to  Iso- 
lated and  Confined  Environments:  Pre- 
liminary Findings  of  a  Seven-Month  Antarc- 
tic Winter-over  Human  Factors  Study." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-12582/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Technology  Application 


Brookhaven  National  Laboratory 


The  In-Vivo  Generator  for  Radioimmunotherapy 


• 


The  technology  involves  labeling  monoclonal  antibodies  with  intermediate  half-life  radionuclides  which  decay  to 
much  shorter  half-life  daughters  with  desirable  high  energy  beta  emissions.  Since  the  daughter  will  be  equilibrium 
with  the  parent,  it  can  exert  an  in-situ  tumoricidal  effect  over  a  prolonged  period  in  a  localized  fashion,  essentially 
as  an  "in-vivo  generator".  This  approach  circumvents  the  inverse  relationship  between  half-life  and  beta  decay 
energy. 

Potential  Applications/Spinout  Uses:  The  number  of  viable  candidate  radionuclides  for  radioimmunotherapy 
having  both  the  desired  high  beta  energy  and  half  life  comparable  to  antibody  uptake  kinetics  is  limited  by  an 
inverse  relationship  between  half-life  and  beta  decay  energy.  This  approach  overcomes  this  restriction  and  would 
allow  a  wider  selection  of  radionuclides  for  effective  radioimmunotherapy. 

Literature:  L.  F.  Mausner,  R.  F.  Straub,  S.  C.  Srivastava,  Production  and  Use  of  Prospective  Radionuclides  for 
Radioimmunotherapy,  pp.  149-163,  in  Radiolabeled  Monoclonal  Antibodies  for  Imaging  and  Therapy,  Plenum 
Press,  New  York,  1988. 

L.  F.  Mausner,  R.  F.  Straub,  S.  C.  Srivastava,  The  In-Vivo  Generator  for  Radioimmunotherapy,  J.  Labelled 
Compounds,  Radiopharmaceutical,  2C,  498  (1989). 

FOR  ADDITIONAL  INFORMATION:  Margaret  C.  Bogosian,  Office  of  Technology  Transfer,  Brookhaven 
National  Laboratory,  Building  902-C,  Upton,  New  York  11973;  Phone:  Commercial  (516)  282-7338,  FTS  (516) 
666-7338.  Refer  to  BNL/AA-49  R. 
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Technology  Application 


Brookhaven  National  Laboratory 


Separation  of  Chromosomal  Length  DNA  Molecules: 
Pneumatic  Apparatus  for  Rotating  Gels  During 
Electrophoresis 

Uses  an  inexpensive  pneumatic  actuator  to  replace  an  expensive  stepping  motor  to  rotate  gels  during 
electrophoresis.  Reduces  total  cost  of  gel  apparatus  by  about  50%. 

Potential  Applications/Spinout  Uses:  Rotating  gas  electrophoresis  is  one  form  of  alternating  field  direction  gel 
electrophoresis,  a  procedure  that  has  been  developed  to  operate  very  long  DNA  molecules.  This  technology  is 
useful  in  mapping  the  human  and  other  large  chromosomes.  Our  design  has  been  adopted  by  a  local  small 
business. 

Literature:  J.  C.  Sutherland,  A.  B.  Emrick,  J.  Trunk,  Separation  of  Chromosomal  Length  DNA  Molecules: 
Pneumatic  Apparatus  for  Rotating  Gels  During  Electrophoresis,  Biology  Department,  Brookhaven  National 
Laboratory,  Upton,  N.Y. 

FOR  ADDITIONAL  INFORMATION:  Margaret  C.  Bogosian,  Office  of  Technology  Transfer,  Brookhaven 
National  Laboratory,  Building  902-C,  Upton,  New  York  11973;  Phone:  Commercial  (516)  282-7338,  FTS  (516) 
666-7338.  Refer  to  BNL/AA-48  R. 
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0469    Abandoned  Mine  Lands  Program — Annotated  Bibliography  on  Soil 

Characterization  and  Soil  Amendment  Use  on  Coal  Surface  Mine  Lands 


« 


New  Technology  from  the 
U.S.  Bureau  of  Mines 


• 


U.S.  Department  of  the  Interior 


Abandoned  Mine  Lands  Program 

Annotated  Bibliography  on  Soil  Characterization  and  Soil 
Amendment  Use  on  Coal  Surface  Mine  Lands 


• 


Objective 

Produce  an  annotated  bibliography  to  serve  as  a  com- 
prehensive source  of  published  information  available  on 
the  use  of  soil  amendments  in  coal  mine  reclamation  and 
the  characterization  of  coal  mine  soils. 

The  Problem 

There  is  a  substantial  amount  of  information  available 
on  coal  mine  reclamation  and  revegctation,  particularly  on 
the  use  of  soil  amendments  to  ameliorate  site  conditions 
and  aid  vegetation  establishment,  growth  development,  and 
productivity.  Additionally,  site  characterizations  based  on 
chemical,  physical,  and  mineralogical  properties  have  been 
thoroughly  researched.  This  information,  however,  is 
widely  disseminated  throughout  various  professional  and 
scientific  journals,  State  and  Federal  documents,  pro- 
ceedings of  conferences,  theses,  and  other  technical 
writings.  A  critical  need  exists  for  a  comprehensive  and 
up-to-date  summary  of  published  information  concerning 
the  uses,  methodologies,  and  types  of  soil  amendments 
that  are  necessary  for  reclamation  success. 

Approach 

To  fill  this  information  need,  the  Bureau  of  Mines  com- 
piled a  base  of  approximately  1,600  popular  and  scientific 
papers  and  books  published  between  1977  and  1988  deal- 
ing with  the  subjects  of  soil  amendment  technology  and 
soil  characterization  of  mined  lands.  Additionally, 
approximately  300  relevant  non-coal  related  articles  were 
included  on  the  basis  of  their  technical  content.  All 
published  information  was  read  and  evaluated  on  the  basis 
of  soil  characterization  or  soil  amendment  technology. 
The  studies  and  articles  reviewed  and  annotated  concern 
soil  amendments,  mine  soil  characterization  techniques, 
Federal,  State,  and  local  policies,  short-  and  long-term 
additive  impacts,  and  the  techniques  of  applying  soil 
amendments. 

Those  articles  selected  for  inclusion  were  given  an 
evaluation  rating  based  on  precstablishcd  keywords  or 
phrases.  Each  article  reviewed  was  evaluated  using  eight 
broad  categorical  phrases:  (1)  coal  region,  (2)  intended  or 
current   land   use,   (3)    regulatory  policy,   (4)   soil  char- 


acterization, (5)  soil  amendments,  (6)  economic  consider- 
ations, (7)  short-  and  long-term  additive  impacts,  and  (8) 
techniques  for  application  and/or  rates  of  application. 
Of  the  phrases  listed,  the  first  was  used  to  define  the  coal 
region  where  the  research  was  conducted.  The  remaining 
seven  categories  contained  the  keywords  used  to  evaluate 
each  article.  A  total  of  24  keywords  were  developed. 
Each  article  was  rated  based  on  the  subject  matter  and 
keyword  evaluation. 

Annotated  Bibliography 

A  total  of  1,280  references  were  evaluated  and  all  are 
annotated  in  the  bibliography.  Most  of  the  references  date 
from  1977  to  1988,  with  a  majority  of  those  dating  from 
1984  to  1988. 

The  keywords  and  regional  designations  arc  used  in  Ap- 
pendix A  to  evaluate  and  identify  each  article  so  that  the 
researcher  can  select  the  articles  of  particular  interest. 
Keywords  were  chosen  to  deal  with  all  aspects  of  soil  char- 
acterization and  soil  amendment  use  to  allow  the  reader 
to  obtain  information  on  particular  aspects  of  soil  amend- 
ment use  and  soil  characterization  of  coal  surface  mined 
lands. 

Once  familiar  with  the  keyword,  coal  region,  and 
evaluation  criteria  definitions,  the  reader  can  select  those 
articles  of  interest  by  using  the  table  in  Appendix  A  to 
locate  article  reference  numbers  (1  through  1,280).  The 
reader  can  then  turn  to  the  numbered  annotated 
bibliographic  listing  in  Appendix  B  for  more  information. 
The  reference  article  can  be  obtained  or  rejected  based  on 
the  annotation.  Appendix  C  is  a  complete  index  of  all 
authors  listed  in  the  bibliography. 


For  More  Information 

A  Bureau  of  Mines  Information  Circular  (IC  9285) 
tilled  "Soil  Characterization  and  Soil  Amendment  Use  on 
Coal  Surface  Mine  Lands:  An  Annotated  Bibliography," 
is  available.  A  copy  of  this  Information  Circular  may  be 
obtained  by  writing  the  principal  investigator,  Michael  R. 
Norland,  at  the  Bureau  of  Mines,  Twin  Cities  Research 
Center,  5629  Minnehaha  Avenue  South,  Minneapolis,  MN 
55417  ((612)  725-4573)  or  by  writing  to  the  Branch  of 
Production  and  Distribution,  Bureau  of  Mines,  Cochrans 
Mill  Road,  P.O.  Box  18070,  Pittsburgh,  PA  15236. 
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Testing  &  Instrumentation 

0470  Improving  Synchrotron  Performance:  Real-Time  Harmonic  Closed-Orbit 
Feedback  System 

0471  Laser-Induced-Emission  Spectroscopy  in  Hg/Ar  Discharge — This 
technique  was  used  to  determine  the  concentration  and  influence  of 
metastable  Hg  ions. 


Other  Items  of  Interest 
0460    Metal  Hydride  Slurries 
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Technology  Application 


Brookhaven  National  Laboratory 


Improving  Synchrotron  Performance:  Real-Time 
Harmonic  Closed-Orbit  Feedback  System 


• 


Researchers  at  Brookhaven  National  Laboratory 
have  developed  a  novel  feedback  system  that 
improves  the  performance  of  synchrotron  radia- 
tion facilities.  Called  the  Real-Time  Harmonic 
Closed-Orbit  Feedback  System,  the  system  is  lo- 
cated at  Brookhaven 's  National  Synchrotron 
Light  Source,  the  world's  most  powerful  source 
of  x-rays  and  ultraviolet  radiation. 

At  present,  the  system  is  installed  at  the  facilities 
vacuum  ultraviolet  (VUV)  ring,  where  its  function 
is  to  stabilize  the  orbit  of  the  circulating  electron 
beam  around  that  entire  ring.  Measured  ver- 
tically, the  size  of  the  beam  is  about  100  microns, 
or  the  width  of  a  human  hair.  Ordinarily,  the  beam 
can  move  up  and  down  by  as  much  as  200  mi- 
crons. This  movement,  however,  is  undesirable 
because  it  leads  to  large-intensity  fluctuations, 
which  present  serious  difficulties  for  many  of  the 
VUV  experimenters. 

Brookhaven's  feedback  system  stabilizes  the  orbit 
of  the  electron  beam  by  reducing  the  move- 
ment to  between  50  and  60  microns.  The  system 
is  based  upon  a  harmonic  analysis  of  the  orPit 
movements  and  the  magnetic  fields  within  the 
ring.  (Magnets  are  used  to  keep  the  electrons  in 
a  circular  orbit.)  Four  detectors  located  around 
the  ring  collect  information  on  beam  position, 
and.  in  real  time,  the  position  signals  are 
transformed  by  the  use  of  simple  electronics  into 
analog  signals  proportional  to  the  main  spatial 
harmonic  components  of  the  orbit  aistortion.  The 
ouTDut  signals  are  then  used  to  correct  the  orbit 
monon  over  the  hole  ring.  Because  orbit  motion 
occurs  in  all  synchrotron  light  facilities,  feeaback 
systems  are  already  widely  used.  These  previous 
systems,  however,  only  stabilize  the  beam  at 
one  point  along  its  path-for  example,  at  the 


location  of  a  particular  experiment.  Brookhaven's 
harmonic  feedback  system  is  the  first  one  that 
works  both  globally  and  in  real  time,  with  the  orbit 
corrections  done  almost  instantaneously. 

Already,  synchrotron  light  facilities  exist  at  four  sites 
in  the  U.S.,  with  three  new  machines  planned  or 
under  construction.  Europe  has  four  synchrotron 
light  facilities.  Japan  has  four,  and  new  machines 
are  planned  at  various  locations  all  over  the 
world.  These  facilities  represent  an  investment  of 
billiions  of  dollars.  Brookhaven's  innovative  har- 
monic feedback  system  will  allow  scientists  to 
take  full  advantage  of  the  exciting  research 
opportunities    afforded    by    synchrotron    light. 

The  Real-Time  Harmonic  Closed-Orbit  Feedback 
System  won  a  1989  R&D  100  Award. 

Literature:  L.H.  Yu  et  al..  Real  Time  Harmonic 
Closed  Orbit  Correction,  BNL  Report  No.  42581 
(March  1989). 

Patent  Status:  Not  patented. 

Applications/Spinoffs:  Applicable  to  any  snychro- 
tron,  particularly  synchrotron  radiation  facilities 
because  of  their  exacting  orbit  stability 
requirements. 


FOR  ADDITIONAL  INFORMATION:  Margaret  C. 
Bogosian,  Office  of  Technology  Transfer, 
Brookhaven  National  Laboratory,  Building  902-C, 
Upton,  New  York  11973;  Phone:  Commercial  (516) 
282-7338,  FTS  (516)  666-7338.  Refer  to  BNL/AA- 
47  R. 
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Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Laser-Induced-Emission  Spectroscopy  in  Hg/Ar  Discharge 

This  technique  was  used  to  determine  the  concentration  and  influence  of  metastable  Hg  ions. 


• 


Laser-induced-emission  (LIE)  spectros- 
copy (see  figure)  has  been  used  to  probe 
a  low-pressure  mercury/argon  discharge 
to  determine  the  influence  of  mercury 
atoms  in  the  metastable  63P2  state  on  the 
emission  of  light  from  the  discharge. 
Whereas  laser-induced  fluorescence  and 
laser-induced  stimulated  emission  rely  on 
the  observation  of  light  emitted  from  an 
upper  energy  level  that  is  optically  con- 
nected by  the  laser  to  a  lower  level,  LIE 
spectroscopy  enables  one  to  examine  the 
responses  of  all  lines  in  the  spectrum  of 
the  discharge  to  the  changes  in  the  pop- 
ulation of  a  state  that  are  caused  by  the 
laser  optical  field.  Thus,  one  can  use  LIE 
to  study  all  excitation  processes  affected 
by  the  metastable  population,  including 
possible  effects  on  the  excitation  of  atoms, 
ions,  and  the  buffer  gas.  The  LIE  spectro- 
scopic technique,  which  could  be  applied 
to  the  emissions  of  other  plasmas,  pro- 
vides data  that  can  be  used  to  make  more- 
accurate  models  of  such  emissions,  which 
are  exploited  by  the  lighting  and  laser 
industries  and  by  laboratories  studying 
discharges. 

The  figure  illustrates  the  LIE  apparatus 
that  was  used  to  characterize  the  Hg/Ar 
discharge.  A  continuous-wave  dye  laser 
generated  light  at  a  wavelength  of  546.1 
nm  (corresponding  to  the  transition  be- 
tween the  63P2  and  T^  levels  of  Hg). 
The  laser  light  was  introduced  into  a  cylin- 
drical quartz  discharge  cell  that  had  a 
diameter  of  2.5  cm  and  a  length  of  10  cm. 
The  cell  contained  a  few  milligrams  of  mer- 
cury in  addition  to  argon  at  a  pressure  of 
800  mtorr  (  =  100  Pa).  The  discharge  was 
energized  by  coupling  from  a  radio-fre- 
quency oscillator.  The  laser  beam  was 
passed  through  a  rectangular  aperture  to 
produce  a  ribbon  of  light,  which  was  then 
directed  into  the  discharge  cell  along  its 
axis.  The  discharge  was  monitored  by 
observing  the  optogalvanic  signal. 

Light  emitted  by  the  discharge  was 
monitored  by  a  monochromator  with  rec- 
tangular slits  parallel  to  the  axis  of  the  cell 
and  the  ribbon  of  laser  light.  The  mono- 
chromator was  mounted  on  a  microme- 
ter-driven translation  stage  for  measuring 
emissions  at  various  positions  relative  to 
the  midplane  of  the  ribbon  of  laser  light. 


This  LIE  Spectroscopic  Apparatus  was  used  to  study  the  influence 


The  output  of  a  photomultiplier  tube  locat- 
ed at  the  output  port  of  the  monochroma- 
tor was  fed  to  the  input  terminal  of  a  lock- 
in  amplifier.  The  lock-in  reference  signal 
was  provided  by  a  device  that  chopped  the 
laser  beam  on  the  way  to  the  discharge 
cell.  The  output  of  the  kick-in  amplifier  was 
fed  to  a  chart  recorder,  which  recorded  the 
spectral  signals. 

Measurements  of  the  intensities  of  the 
emission  spectral  lines  led  to  the  follow- 
ing conclusions: 

•  The  dominant  mechanism  for  the  excita- 
tion of  the  higher  energy  levels  of  mer- 
cury atoms  in  the  discharge  is  the  elec- 
tron-impact excitation  from  the  3P2  level. 


•  The  depopulation  of  this  metastable  level 
is  responsible  for  an  observed  increase 
in  the  electron  temperature  when  the 
laser  irradiates  the  discharge  This  con- 
clusion implies  that  more-efficient  lamps 
for  the  mercury  ion  standard  may  be  de- 
signed through  approaches  in  which  the 
population  of  the  3P2  level  is  quenched. 
This  may  be  accomplished,  for  example, 
by  the  addition  of  a  small  amount  of  ni- 
trogen or  another  gas  that  could  quench 
the  metastable  level  by  collision. 

•  The  3P2  metastable  level  of  the  mercury 
atom  does  not  play  a  significant  role  in 
the  excitation  of  the  2P1/2  level  of  the 
mercury  ion. 
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LIE  spectroscopy  may  also  be  useful 
in  making  quantitative  measurements  of 
the  relative  rates  and  cross  sections  of 
the  direct  and  two-step  collisional  proc- 
esses that  involve  a  metastable  level.  This 


could  be  accomplished  if  the  magnitude 
of  the  metastable  population  in  the  field 
of  view  of  the  monochromator  could  be 
determined. 


This  work  was  done  by  Lutfollah  Maleki, 
Barry  J.  Blasenheim,  and  Gary  R.  Janik 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-18203/TN 


♦ 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Measurements  of  Turbulent 
Flow  About  an  Airfoil 

Laser  Doppler  velocimetry 
appears  to  be  more  reliable 
than  hot-wire  anemometry. 

The  wind-tunnel  flow  velocities  meas- 
ured by  a  laser  Doppler  velocimeter  (LDV) 
are  closer  to  calculated  velocities  than  are 
those  measured  by  a  hot-wire  anemome- 
ter, according  to  a  report.  The  LDV  was 
used  to  measure  the  flow  fields  around  an 
airfoil  equipped  with  a  deflected  spoiler.  A 
two-component  LDV  system  measured 
the  mean  and  fluctuating  velocities  around 
an  airfoil  in  a  25-  by  11-cm  wind  tunnel.  The 
green  and  the  blue  components  of  the  light 
from  a  5-watt  argon-ion  laser  were  sepa- 
rated and  directed  to  the  tunnel.  Latex  par- 
ticles in  the  airstream  scattered  the  laser 
light.  A  photomultiplier  received  the  scat- 
tered light  intercepted  by  a  lens  system; 
the  pulses  put  out  by  the  photomultiplier 
were  counted  and  fed  to  a  minicomputer 
for  recording  and  analysis. 


The  measurements  were  made  at  a 
free-stream  velocity  of  70  m/s,  correspond- 
ing to  a  Reynolds  number  of  740,000.  The 
flow  field  was  measured  at  about  20  points 
across  the  chord  for  each  of  18  points 
along  the  chord.  About  1,000  instantane- 
ous values  of  velocity  were  measured  at 
each  point.  From  the  data,  longitudinal  and 
transverse  velocities  and  turbulent  shear 
stresses,  all  averaged  over  time,  were  cal- 
culated and  plotted  as  functions  of  posi- 
tion. 

The  flow  field  was  simulated  numerical- 
ly by  a  two-dimensional  vortex-tracing 
method  in  which  the  airfoil  and  spoiler 
were  represented  by  vortex  panels  and  the 
wake  was  represented  by  discrete  point 
vortexes  with  viscous  cores.  The  location 
of  the  point  of  separation  of  the  flow  from 
the  bubble  of  the  hinge  of  the  spoiler  was 
determined  by  integral-boundary-layer  cal- 
culations. Merging  schemes  were  used  to 
reduce  the  vortexes  in  the  wake. 

These  measurements  and  calculations 
were  compared  with  previous  measure- 
ments by  hot-wire  anemometers  and  pitot- 


static  tubes.  The  LDV  values  agreed  most 
closely  with  the  calculations.  The  authors 
conclude  that  conventional  instruments 
like  pitot  tubes  or  hot-wire  anemometers 
are  not  useful  near  the  trailing  edge  of  the 
airfoil,  where  highly-turbulent  reverse  flow 
occurs.  The  LDV,  however,  yields  reliable 
data  at  the  trailing  edge  as  well  as  at  other 
parts  of  the  airfoil. 

This  work  was  done  by  S.  Bodapati  and 
M.  J.  Foreman  of  the  U.S.  Naval  Postgrad- 
uate School  and  C.  S.  Lee  of  Stanford  Uni- 
versity for  Ames  Research  Center.  Fur- 
ther information  may  be  found  in  AIM 
paper  87A-44955,  "Flow-Field  Measure- 
ments of  an  Airfoil  with  a  Deflected  Spoiler 
Using  an  LDV  System." 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Service  Library,  555  West  57th  Street,  New 
York,  New  York  10019,  Telephone  No. 
(212)  247-6500. 
ARO12110/TN 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Ames  Research  Center,  Moffett  Field,  California 


Final-Approach-Spacing  Subsystem  for  Air  Traffic 

An  automation  subsystem  gives  air-traffic  controllers  choices  of  assistance  and  information. 


An  automation  subsystem  of  comput- 
ers, computer  workstations,  communica- 
tion equipment,  and  radar  helps  air-traffic 
controllers  in  a  terminal  radar  approach- 
control  (TRACON)  facility  manage  the  se- 
quence and  spacing  of  arriving  aircraft  for 
both  efficiency  and  safety.  Called  FAST  (for 
Final  Approach  Spacing  Tool),  the  subsys- 
tem enables  controllers  to  choose  among 
various  levels  of  automation. 

The  FAST  uses  trajectory-synthesizing 
and  scheduling  algorithms,  mouse  interac- 
tive input,  and  graphical  interfaces  to  pre- 
sent controllers  with  advisory  information 
including  predicted  errors  in  scheduled 
times  of  arrival  and  recommended  speeds 
and  headings  to  control  such  errors.  It 
uses  a  time  line  to  display  current  sched- 
ule and  sequence  information  for  all  air- 
craft in  the  airspace  of  the  TRACON.  As 
part  of  an  integrated  traffic-management 
system,  the  FAST  exchanges  traffic  infor- 
mation and  communicates  with  other 
automation  subsystems  in  the  air-route 
traffic-control  center  (ARTCC)  associated 
with  the  TRACON. 

The  FAST  includes  the  TRACON  sched- 
uler, which  accepts  the  scheduled  times 
of  arrival  generated  by  the  automated  Traf- 
fic Management  Advisor  (TMA),  another 
subsystem  of  the  overall  traffic-manage- 
ment system  (see  figure).  However,  the 
TRACON  scheduler  reschedules  individual 
aircraft  as  necessary  to  accommodate 
such  special  circumstances  as  large  time 
errors,  "pop-ups"  (unexpected  appear- 
ances of  aircraft),  and  missed  approaches. 

Once  a  new  scheduled  time  of  arrival 
has  been  computed,  the  trajectory-synthe- 
sizing algorithm  computes  a  landing  path. 
Today,  the  controller  would  give  a  clear- 
ance to  the  aircraft  by  voice,  but  when  a 
data  link  becomes  available,  such  clear- 
ance messages  will  be  sent  automatically. 


Sequence  of  Arrivals 
and  Scheduled  Times 
of  Arrival  From  TMA 


•,  Weather,  and 
Flight-Plan 
Data 


TRACON  Scheduler 


Tra|ectory-Syntheslzlng 
Algorithm 


Graphical  Advisory 
Interface 


Voice 

Communication 

With  Aircraft 


The  graphical  interface  was  designed 
with  special  concern  for  air-traffic  control- 
lers' preferences.  Once  a  controller  has 
selected  a  level  of  automation,  advisories 
appear  automatically  —  close  to  the  air- 
craft symbols  on  the  display.  The  controller 
can  increase  or  decrease  the  level  of  auto- 
mation to  take  a  quick  look  at  advisories 
in  the  middle  of  a  traffic  rush.  Pictures  of 
the  proposed  landing  path  are  presented 
well  in  advance  so  that  the  controller  can 
plan  ahead  and  instruct  pilots  without  clut- 
tering the  display. 

The  time-line  display  gives  the  controller 
not  only  a  list  of  current  aircraft  but  also 
a  picture  of  future  traffic  density.  The  dis- 
play is  color-coded  to  indicate  different  ap- 
proach directions  and  speeds. 


Data  Unkto 

Aircraft  (Yet 

To  Be  implemented) 


The  FAST  is  part  of  an 
integrated  aircraft-traf- 
fic-management sys- 
tem. It  accepts  data 
from  and  provides  data 
to  other  subsystems 
to  ensure  that  arrivals 
are  scheduled  both  ef- 
ficiently and  safely. 


This  work  was  done  by  Thomas  J.  Davis 
and  Heinz  Erzberger  of  Ames  Research 
Center  and  Hugh  Bergeron  of  Langley 
Research  Center.  Further  information  may 
be  found  in  NASA  TM-102229  [N90-10841], 
"Design  of  a  Final  Approach  Spacing  Tool 
for  TRACON  Air  Traffic  Control." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-12708/TN 
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A99  Contact  NTIS 

for  price 

These  prices  are  for  customers  in 
U.S.,  Canada,  and  Mexico.  Other 
addresses  should  write  for  the  price 
listing,  number  PR-360-4. 

Prices  effective  October  1,  1991 


2    METHOD  OF  PAYMENT 

□    Charge  my  NTIS  Deposit  Account    _ 

I    I    Check/Money  order  enclosed  payable  to  NTIS  for  $ 

O    Purchase  order  ADD  $7.50  per  order  (U.S.,  Canada,  and  Mexico  only) 

Purchase  order  number 

Charge  my      O  American  Express       Q  VISA      d  MasterCard 

Account  Number Exp. 


Signature 


(Required  to  validate  order) 


3    ORDER  SELECTION  (Use  only  for  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price*  Quantity  Total  Price 

/NAC 


/NAC 
/NAC 
/NAC 
/NAC 


Handling  fee  $3.00 

Total     


10/91 


Agriculture  &  Food 

Computers 

Electrotechnology 

Energy 

Engineering 

Environmental  Science  & 
Technology 

Manufacturing,  Machinery,  & 
Tools 


PENN  STATE  UNIVERSITY  LIBRARIES 
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Materials 


Medicine  &  Biology 

Natural  Resources  Tech- 
nology &  Engineering 

Physical  Sciences 

Transportation  &  Components 
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